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"The material in this report is based upon work supported by the
National Science Foundation under Contract No. C 7621134. Any
opinions, findings, and conclusions or recommendations expressed’ -
in this publication are those of the author(s) and®do not neces-.
sarily reflect the views of the National Science Foundation."




The Project |
\ / . Yo . A , \
Case Studies in Science Education is a collection of field observations of science '
teaching and; learning in American public schools during the school year 1976-77. The
study was undertaken to pravide the Natidnal Science Foundation with a portrayal of current
conditions in K-12 science classrooms to help make the foundatfion's. programs of support .
for science education consistent with national needs. It was organized by a team of .
educational researchers at the University of Illindis. ’
Eleven high schools and their feeder schools were selected to provide a diverse and
balanced group of -sites: rural and urban; east, west, north and south; racially diverse;
economically well-off and impoverished; constructing schools and closing schools; inno-
vative and traditional. They were finally selected so that.a researcher with ample relevant
field experience could be placed at each. To confirm findings of the ethnographic case
studies and to add special information, a national stratified- -random-sample of about 4000
teachets, principals, curriculum supervisors, superintendents, parents, and senior class
students were surveyed. Survey questions were based on observations at the eleven case-
study sites. ‘ ’ . s
Q
The field researchers were igilructed to find out what was happening, what was felt
important, in science (including mBthematics and social science) programs. On site from
4 to 15 weeks they were not required to coordinate their work with observers at other sites.
Questions originally indicated importantsby the NSF or identified early in the field were
"networked" by the Illinols team. Efforts to triangulate findings were assisted by reports
of site visit teams. .
wy * \ 5
Each observer prepared a case study report which was preserved intact as part of the
* final collectlon, and later augmented with cross-site conclusions by the Illinois team. The
cost of the study was judst under $300,000, taking 18 months actual time and about 6 research-
person years to complete.

-

In the pr{ncipal findings it was noted that eachplace was different in important ways,
that each teagher made upique contributions. Nationally we found that science educatdion was
being given low priorlty, yielding to increasing emphasis on basic skills (reading and compu-

'{ation) Still, ‘the CSSE-high-school science faculties worked hard to protect courses for the -

college-bound, with many of these courses kept small by prerequisites and 'tough" grading.

Only occasional efforts were made to do more than "read about" science topics in most of the

elementary schools. Although ninth-grade bidlogy and eighth-grade general science flourished,

general education aims for science instruction were not felt vital‘at any level. Seldom was N

science taught as scientific inquiry--ail three subjects were presented as what experts had

found to be true, School people and parents were supportive of what was chosen to be taught,

complaining occasionally that it was not taught well enough. The textbook usually was seen

as the authority on knowledge and the guide to learning. The teacher was seen to be the

authority on both stcial and academic decorum. He or she worked hard to prepare youngsters

for tests, subsequent instruction, and the value-orientations of adult life. K Though relatively

free to depart from district syllabus or ‘community expectauion, the teacher seldom exercised

, either freedom. . .

= .

. Each of the above statemqnts is only partly correct. This summary is a drastic oversim-.
plification of the circumstances observed by the field people and portrayed in the case study
reports. The picture at each of the sites--seen through the experienced but singular eyes of
our observer-ris a special picture, greatly influenced by the administrators, the parénts, and
the students encountered; colored with ,technical, professional, economic and social problems.
Somehow the mictures do not aggregate across sites to be either the picture of national edu-
cuation represented by the popular press (though no less.aggrieved) or that bresented in the

¢

: professional education publication (though no less complicated) It is an interesting .
collectfon. . - . /7)

T . ’ Robert E, Stake

- : - ~ o . L Jack A, Easley, Jr.
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The advantage of a case study, project issthat 1t provides a persgnal and experiential
perspective of matters.. In the Case Studies of Science Education, teacher pegspecfives of
science, math and soecial studies have been emphasized, but have been rounded out and con-
fronted by the views of students, adﬁiniqtrators, and parents. The energies of daily work
have been exposed. Worries have been voiced. Some of the obvious problems of science teach-
ing and learnjing, and some very subtle ones too, have been described in the eleven case

studies and examined in the assimilation chapte#é of this {sport. .

.

L d

Perhaps surprisinglv the concerns of a nation about test-score declines, desegregatioen,
and equalizatidn of taxation for school fipancing were seldom reflected in<the CSSE class-
rooms. Such educational issues are seen ap pervasive, and indicative’ of our social values

" (and worthy of our attention in this review), but having small direct impact upon the quality

of science instruction received by a child. Much more influentidl were the renewed emphases

on reading, the pfovision (or lack) o classroom atmosphere free from distraction, the
presence (or lack) of a teacher-with genuine curiosity about natural and social occurrences,

/‘\

and et” of tules\re’}ecting the desire #0 mold.children into bell—disciplined, middle-class

cit These influemces on the conduct of daily instruction were not perceived to be

more Ytant than the national issues;;ﬁhey were the stuff that made up another side of our

conde™® about American educatign, and require direct attention in the/planning‘of programs

to assist science education. . . c e 4
3 4 M . - .

data-gathering efforts. Having already ally mutilated the delicate and complicated
portrayals of happenings and feelings as d#awn together by our field observers by attempting
to sort and aggregate them in our findings chapters, we now further over-simplify by pre- N

senting them in.grand summary. We urge the reader :who is appreciatixsh:fuizg,pfetiems and
efforts of pre-college education to read the complete case studies, ting there pro-

In this section we will summarize the fgndings of the CSSE case sgudies and our other

.* vides a much'more firm basis for knowing and respogding to the needs of science education

than the abbreviations on these.following pages cam possibly do. Still, because it may be
useful to report our most prominent findings in a single place and to suggest responsibil-
ities and opportunitieﬁbfor the science education directorate of the National Seience Founda-

tion, and also because our contract required it, wespresent thiy Executive Summary.
I N . . v ) -

.
' .

- . o ) :' - . i
SCIENCE EDUCATION FINDINGS FROM CSSE ~ . - I} .
.- . ] .
. L //’ ' -
Teacher is Key. .What stience education will be fql any one child for any one year is
~most dependent on what that child's teacher belipves, knows, and does--and doesn't believe,
doesn't know, and doesn't do. For essentially all of the science learned in school, the
teacher is the enabler, the inspiration, an consttaint. - (See ALTE Booklet II1, p 3:90).

A child learns a'great deal about science ouf of schaol. 'A few children have science
> hobbies or reading interests, sometimes.finding.surroga;g teachers, so that they gain sub-
stantial understanding of.science without the school's help. Most~children are unable to
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do that. For most, systematic science learnin@ will occur only if the teacher can cope

with the obstacle# and is motivated to teach something of the knowledge and inquiry of the

scientiffc disciplines. For dther children such learning is unlikely. A VORTEX principal
. said: ’

T \ But tf weu have a t)ezﬁsorz euchin; setence who really loves it, /thase
. kids real y have a gogd science progranm. On the other hand, I've had

. to almost ‘orce someone to put the science kit in their classes, No

” one wanted to have anyuhm@ to do with it. You knoth how science was

treated? They got their minirum time allotments in.

Decisions as to changing the science curriculum were largely in the hapds of teachers--
even on major choices they had the primary veto power. They often could not bring about the
changes a few would have liked, but they regularly could stop curriculum changes they opposed
either at the district lével or in the classroom.’ They were lergely alone in a personal/ "~
styuggle to select and adapt available materials to educate a distressingly reticent stu ent
body. N

- L)
2

The role that teachers play in setting the purpose and quality of the science program
was apparent in all our case studies and reaffirmed in our national survey. Teachers in BRT
(p 4:22), ARCHIPOLIS (pp 9:6,7,18,23), GRFATER STON (pp 11:33-34), and a'comment by ob-
server Lou Smith (p 3:79) typified the influepte teachers have on what was taught.

"oy

As the sghdent «body grows smaller, the faculty grows older. 0ld solutions seldom fit
new problems. Mostxtéachers have trouble teaching at least a few children. (There was a
strong tendency to categorize these children as Learning Disability children.) Teachers
needed assistance of one kind br another. In most of our sites the inservice program was
providing little aid, partly because it was anemic and aimed elsewhere, partly because the
teachers paid little heed to it. Like professors in charge of preservice weducation, the in-
service personnel we saw were seldom oriented to helping teachers solve such difficult
problems«as keeping the lesson going or adapting subject matter to obJectives for which 1t
was not originally prepared. The teachers were apparently sometimes more "on their own"
than they wanted to be. ‘

. - b

The Basic Two--Reading and Arithmetic. The dominant influence toward thange in 'the
. curriculum today was ''back to the basics" thinking. People meant different things by it,
N but most common was a greatly increased emphasis on two of the three R s, reading and arith-
metic.

V4

i

It was strongly stated, by teachers even more than by parents, that other learnings are
unlikely or inefficient until thé child has a thorough grounding in 'the basi¢s." It was not
that people could not see that children learn many ideas, skills and styles of expression

' without good reading and arithmetic competence. But they seemed not to appreciate the ex-
tent to which people do and will learn what they need as the need arises. They knew the re-
gret of many who did not discover early a precious corner of the library, or the library at
all, They felt compelled to prescribe learning activities which were work-like and clearly
purposive--and most of the reading and arithmetic lessons we saw were both.

i

Many teachers endorsed the movement tdward #“the basics" thinking that what they had been
teathing as a special sk{ll or subject matter was basic and would be included in the new
emphasis, Others who ''can't beat 'em, join 'em.'" The science supervisor in URBANVILLE en-
dorsed the basics only after It was apparent that district support.for science would continue

to wane unless it was shown-to be integrated with the basics and demonstrable on student tests,

} IS
£
\\__. . - r
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In school settings,greater emphasis was glven to reading and arithmetic and to the re-
sults of minimum competency testing aimed at the basics, less emphasis was being given to
science, math, and social science concepts and relationships. Teachers were willipg to make

«this trade-off, saying that youngsters would not untlerstand complex ideas until they could
read them. Teachers had been embarrassed far more by student inability to read or compute
than by their inability to comprehend ideas, and were anxious to demonstrate that they favor
drastic steps to involve children in reading and arithmetic exercises. But the more impor- -
tant fact is: Teachers appeared to be fully convinced that improvement in all of education,
including science education,” wus directly dependent on.improvement in reading. (Sée the
advocacy of the teachers from RIVER ACRES, Texas, pp 1:9,18,29; but the same conviction can
be'found in each of our case studies.)

-

Science, Mathematics ané\§ocial Studies Curricula. As seen by most people in the
schools, science education had np more alliance with mathgmatics education and social studies
education than it had with Engligh education.= Science wasaseen by many to be the subject
matter of physics, chemistry, apd biology, and perhaps astronomy, botany or geology. These
were seen as fundamentally different from the things taught by teachers of mathematics or
social studies. With perhaps an exception or two 1n the case of environmental education
there were essentially no interdisciplinary efforts in the schools of this study. (See
Chapter 13.) N

.

The circumstances varied from place to place depending on teacher personality, parent
interest, and many other things. Most high school science departments were of fering biology
for all students and either chemistry or physics or both for the student going on to college.
Thesé latter two courses usually had an algebra prerequisite; which helped to kegep the course
geared for the "faster" students. Home economics,still largely for girls, and agriculture,
largely for boys, included science topics, but were not coordinated with the science offer-
ings. Laboratory work in several sites appeared to be diminishing in importance because of
the expense, vandalism and other control problems, and the emphasis on course outcomes that
would show up on tests. A general science course was a standard offering in junior high

.schools almost eveérywheré--we saw an outstanding one at an, open school in VORTEX. Although
we found a few elementary teachers with strong interest and understanding of science, theq
number was insufficient fo suggest that even half of the nation's youngsters would have a .
single elementary school year in which their teacher would give science a substantial share
of the curriculum and do a good job of teaching it.

a

With the national emphasis on ”the_basics" and on vocational preparation, mathematics
was getting increaséd attention. The result was an almost exclusive concentration on compu+
tation, from second grade matlyr to that in senior year. Many schools, such as those in
URBANVILEE and WESTERN CalY had a computation test which had to be paEsed sometime prior to
high school graduation. ' There was little feeling for the importance of mathematical concepts,
e.g., sets, prime numbers, proportfonality, though they appeared in most textbooks, partly

as a legacy of the "new math" efforts. The attitude among many math teachers was that new
math was too difficult for ypungsters ta learn’ it allowed them to drop behind in computa-
tion skills. The vommercial world increasingly required less in the way of computation
(e.g., by providing cash register_keys with pictures of sandwiches, automated inventory
cards, hand calculators) but the belief in the need for computational skills was strong.
According to the prevailing social and educational ethic, a disproportionate time should be
spent on computation. Much of the remedial teaching in° mathematics in the URBANVILLE school
and elsewhere was being done by non-mathematics teachers reassigned for various reasons.

Some teachers said they needed materials more suited to older students, those slow and little

motivated.




19:4

NS The social studies curriculum was prlmarily‘about history and govermment, and to some
extent, about current social problems and about understanding oneself. It was _rarely about,
social science, the systematic inquiry into social phenomena, There was little agreement on
what subject matter content had to be covered in a social studies course and one saw little
articulation across these courses. Where we did find coordination, we found also less eon-
cern about confemporary social affairs, such as in an URBANVILLE history course, where even
in a few idle moments, no one mentioned Jimmy Carter's election on the morning following it.
By and large, we concluded, teachers wére so distressed with their students' inability or

*reluctance to read, write, and get serious about their studies, that they worked on the
syllabus lessons as much as they could. s -

«

The sclence curriculum of the schools was--in operation more than by definition--taken
to be a set of knowledges and skills, rooted in the academic disciplines. It was to be shared
in common by all students who would undertake the study of science. Though it may emphasize
conviction in one place and skepticism another, it was to be seen as belonging to the
collective wisdom of men, a part of the culture, a property that exists outside the indi-
vidual learner.

The curriculum was not the arrangement of context and contacts so that the students
would have optimum opportunity to extend their own meanings of things, to learn those things
that interested, challenged or puzzled them. It was 'course' and 'skill' centered. It was
authoratarian. It was external. A curriculum specialist in GREATER BOSTON suggested that
that may be the way it had to be 1n today's schools.

\\//'*«\

Students were expected to respect a set of understandings that originated outside them-
selves, that were validated by processes that they could only crudely approximate, that
took on a value that was given by the specialists or in terms of its utility to people at
large. The motivation for learning these things also was expected to be external. (Perhaps
the principal justification for some lesson topics was simply to familiarize the young with
what the older generation had to study--a kind of badge of culture.)

The teachers who teach this Curriculum may or-May not be.awthoritarian. Many were.
yany were not,. establishing a most friendly, or casual, or cooperative relationship with
the youngsters. Many did not insist upon being treated as authorities, but honored certain
knowledge, certain ideas about how to inquire, certain experience--a curriculum--that was
defined by those outside the classroom rather than those within. The administrators and
"parents and taxpayers we talked to seemed almost unanimous in their support for this defini-
tion of curviculum. )

Socialization as a Pre-Emptive Aim. Each teacher had a someéwhat different set of pur-
poses, but a common and vigorously defended purpose was thet of socialization. It impressed
upon the student an observance of the mores of the community, submitting personal inclina- |
tions to the need$ of the community, conforming to the role of "good student,” and getting
ready for the next rung on the edugational ladder. Of course there were great differences
in the ways teachers stressed and interpreted socialization. (See Chapter 16.)

After reviewing the objections of certain parents to the teaching of family values in
other cultures (MACOS) and evolution of the species (BSCS) at the outset of this project, we
* expected to encounter occasional battles between parents and teachers regarding offensive
topics, that is, between groups having different ideas as to the proper socialization of
young men and women. In these most sensitive matters we found no battles. Teachers recog-
nized the potentiality of trouble but none told us of‘feelings of threat or constraint.
(Most steered away from "values" questions.)

ERIC  » | 15
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. It appeared to us that teachers had been carefully selected to fit the community and
that_ teachers were anxious not to put children or p#rents in anguish. Some occasionally -
went as "far out" as the community, the parents,and the youngsters expected them to, but
seldom further. Of course there was not full agreement on the ''boundaries' of academic free-
dom, but we did not find confrontation, Observable differences among teachers were much
more likely to be in areas about which the public was not apprehensive., Perhaps if all
teachers were to take the same stand as the most radical or outspoken teacher ‘did there
would have been trouble, but the community seemed comfortable with its mix of relatively
stern "socializers" and relatively liberal "socializers." .

/\{

/ ~

The more stern socializers promgted subordination, discipline,Y a "Protestant work ethic,'"
cheerfulness, competitiveness, and heavy investment in getting students "prepared.' The ’
more liberal socializers, no less ¢toncerned out having an impact on the learning and per-
sonality of the youngster, promotéd skepticii?, imagination, individual expression, cheerful-
ness and cooperation. Of coursef most teachers appeared to be trying to do some of both!

i

An example of an importagt socialization lesson was:'"Merit deserves special privilege."
-There was little belief amon% most teachers that anything woulq be wrong with academic dis-
crimination. In RIVER ACRES; URBANVILLE and elsewhere, denjal of learning opporgunity was
seen as warranted by poor pgrformance, In ALTE, WESTERN CITY and elsewhere, 'social pro-
motion" was under attack. /Although in this century the 'high school diploma has not been a
. certificate of competence, there was strong advocacy for making it one.* The denial of
privilege that would accopipany the denrial of a diploma was not at that time considered a
large social cost.

°
Such socializatioyg in the classroom was pre-emptive in that it seemed to get immediate
attention almost whenever an opportunity arose. Other learnings were interrupted or set
aside, not always by ¢hoice, to take care of: an effort to cheat, an impending daydream,
or a willingness to q@cept a grossly mistaken answer. One observer commented that social-
ization took precedefce over general study skills, general study skills over the specific
operations (arithmetic, the chemistry lab), and the specific operations over subject matter.
One teacher, or perhaps a thousand, said with a sigh, "I don't know what they're going to do

when they get to sgventh grade."” ‘3.
. .
- Studying a f teachers in depth, CSSE site coordinator Jack, Easley, with Frﬁﬁ‘es M
Stevens and others, (in Chapter 16) found &fi even greater commitment to socializa¥ion\ To

that end, and also to help the teacher survive daily crises, the new teacher learned how

to use subject matter to keep control of the class, what question to ask which boy tq head
off a prank, what homework to assige to keep the study period quiet, and in many more subtle
ways (familiarization, etc.). Although some p le were dismayed that so much of the school
day goes to administrative routines, few people were protesting the portion that goes to
socialization. With subject matter being gsed tg socialize, the distinction was difficult
to make. Subject matter that did not fit these ‘ms goi rejected, neglected, or changed

. into "something that worked." . i -
a,

-
-

*The argument for a diploma certifying competence usually was one.of assuring employers
and colleges of student qualificationr. But employers and collegés have always relied nore
on tests than certificates. A better interpretation would be fhat work ‘of low merit was
seen as, needing exposure ‘and censure.
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. Seeing nothing but inky black in the beaker they asked, "What's
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Text-bound Teaching. CIearly theg predominant methéd of teaching science was reditation,
particularly in the junior hlgh schoo}, 1In the elementary school the science lesson might
call for observing the behavibor fof ca erpillars or readﬁng science fiction, but when there
was something ”}mportant to tegch, rpading and recitation were foremost, and a little test-
ing sometimes followed. Ln ARCHIPOLIS, observer Jacqutha Hill-Burnett called it: "assign-

recite-test-discuss."” The high|schodl class was more }1kely to use some workbook egercises,
possib groups at. the lab tpbles+-but the emphasis/was still on recitation, with the
teacher in control, adding new finformpation and someti%zs deqpnstrating The textbook was

the key to the information. ) i |
* Eight fourth-graders were tircled around th teacher for their social

studies lesson. Misg Willjams asked, "Why is New York City a world ’
city? At the top of lpage 142, why is New York City a world city?”
(No answer) ''Terry”' Terdy reads, "New York-City is one of the great
world cities," and leéoks up questioningly. 'No, look on into the
paragraph. The headtuarterk of the United N itions 1s there and trade ~
with all the countrips (Skite visit report)’

s

] »
The following observation by R%b Walk r in a classroom in PINE CITY (p 6:34) was ratﬁer
typical:

. '

i
s i
Almost all the questlonal(whlch cbme from the textbook) concern terminology
or definitions. \ g
i \
i H I
"What dre three chatracteristilcs of the nervous'system°"

|
"What's the differehce between a threshold ami¥ubthreshold st1mulus°”

the human?" e -

"What's the dlffereTce between| the nervous systgm of the amoeba and
/

The answers come back in the stylish rhetoric of the textbook. Clearly the
essence of the task has been to search the text for the sentence which contains
the correct answer. One student who tries to ad 1ib an answer reveals—-in the
characteristic hesitations and broken constructions of spoken English—-that he has
failed to work thoroughly on the text and he is met by a growing murmur of jeers
from the class. '

As we saw it, teachers relied on, teachers believed in, the textbook, Te;tbooks and
other learning materials were not used to support .teaching and learning, they were the in-
strument of teaching and learning. Learning was a matter of developing skills, of acquiring
information. The guide and the source was the textbook. s

Information is”pretty much what many of the courses are about.

supposed to happen?? The girl at the next table said, "It's
supposed to go up and down," so they alliwrote, "It went up and
down," in their lab reports. (Adapted from p 13:40)

The science teacher explained some points and added personal experience, but spent most of
the time asking the students to tell what was in the reading assignment. Reading time
during the perjiod was common. Homework was not very common. ’

- .

4

The same was true of social studies. Most of the courses were courses in history or

gevermment. The social studies teacher had opportunity to digress--into relévent and ir-

relevant topics. The digression topics were likely to be heard elsewhere around town;
+

[

O
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catastrophes, competition (the Miss Amerfca contest or the state basketball tourney), crime,
etc. In many classrooms a comfortable familiarity existed--as in our GREATER BOSTON and
WESTERN CITY sites. Teachers enjoyed 'frapping" with the kids. In many classrooms there waqx//
. an ascendancy -of thinking, aboug the commonplace, and above the level of curriculum syllabus
and textBook as well., But the most cbmmon scene was not of "liberated' discourse but of the
teacher asking questions about thé r ading/isslgnment, often requiring verbatim responses,
stressing the value of good information from reliable sources, particularly the textbook.

1

.

In mathematics at all levels the teaching method was usually one of going over the prob-
lems assigned, either teacher or studentsworking a few at the ghalkboard while others ob-
served, the teacler working out the most difficult problems. They started new assignments
together, then worked 1individually, (PINE CITY, Walker files)

E}

e

Articulation and Uniformity. Each district's syllabus presented a coordinated sequence
of courses capitalizing on the learnings of the previous year. Teachers regularly expressed
their dismay that the students did not arrive knowing what they were supposed to have learned 8
previously. Teachers expected considerable leeway for dealing with breakdowns 1n sequyencing,
and additional leeway fot requiring more and offering more than was prescribed 1n the svlla-
bus. Most supported the syllabus when they were on the defensive; most treated it lightly
when it came to deciding what their classes and individuals within the class should be
expected to know.

All in all, there was extremely little articulation in the science, math and social
studies curricula among”different schools in a district, either between levels (elementary,
middle, and secondary) or between school buildings at the same level. There was a little

.more articulation across classes within a school building, but there too teaghers supported
the uniqueness of each teacher's approach as long as it did not get them all‘into trouble.
Among the CSSE schools, not surprisingly, the smallest school (BRT), had the.best .articula-
tion. (See p 4:9-10)* These comments from three different RIVER ACRES teachers illustrate
the plight of articulation efforts at many schools: .

.
A "

. the xids coming into ninth grade are not as well prepared as

the! should be." .

. "We had the (articulation) meeting. . . . We discussed where our
problems Tay. And we have heard nothing since then."

. "I don't have to tru to communicate with my elementary colleagues.
- I sat with them (in courses). I know theu don't know mathematics.”

To the extent that one perceives the school as having the responsibility to get each
child to master a large common set of tasks, this lack of communication and coordination
appeared to have a deleterious effect. To the extent that one‘perceives education as the
development of personal understandings and extending of experience, the lack of articula-
tion appears to have little educational significance. But a large majority of people in
and oyt of school in the sites we visited felt that classes should be more uniform across

the city and more articulated up and down the grades. . " -
e v . >
*(SSE = Case Studies in Science Education; BRT = code name of one CSSE district.
! s
» !
’ / ™~ -
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Low Prioritv for Science Education. During our yisits to the schools we asked many
people about.the importance of science programs, Their answers differed of course, but a
number of people large enough to surprise us said that other things were more important,.

They were not speaking in favor of diminishing the sclence programs the schools had then,

but neither were they expressing a strong desire to have sclence programs upgraded. About
half of our respondents agreed that ''the general public does not put high priority on the
teaching of science." About one-third disagreed. In math however, less than 20% of school
people (and less than one third of the parents) agreed that ''the general public does not put
high priority on the teaching of math.' Except for students (who split about 50-50) the high
majority indicated that the public felt more supportive of mathematdcs than science, Surely,
a perceived need for simple computational skills raised the over-all priority for math (see
Chapter 17), St1ll, the public was not seen by our sgpool officidls (including teachers) to
be opposed to support for sclence education. -

.

we asked superlntendents, science teachers and parents 1f they thought the lower prior-
1ty bting given science education would have a serious effect on the growth of technology in
our society, on the economy in vears ahead, and in the quality of life in this country. The
overall pesbonse was about 75% saying "ves.'" Over 80% said that the schools should try to
do something to reverse the trend,

We were surprised when wé asked about the p%imary purpose of schools that such a large
proportion of our survey respondents did not cite the '"knowledge purpose’ (see p 14:2 for a
fuller description) of the schools, the traditional emphasis on the knowledge of the scholar-
ly disciplines, as the primary purpose for the schools, A majority did. but large numbers
cited the human experience purpose and the vocational career purpose too. Among three
groups the results were:

The most important task of the school should be:

) the human the knowledge the career
purpose purpose purpose
among 125 parents responding 124% 344 53%

among 78 admi astrators responding 40% - 39% 21%
among 175 teathers responding 36% 40% 24%

Earlier in the 1970s there had been some anti-science feeling in the U.S., but we found
little of it. Almost everyone wanted a strong science program, but most were quick to add
that there were other things that needed bolstering first, things like "reading,” "vocation-
al skills," "writing ability" and "remedial courses." Although the dynamics of career choice
and manpowet developnent are not well understood, nor are future needs, we did not discover
grounds, for belief that the "supply" of sc1entists is threatened by the present clircumstances
in the schools., The pressing concern seemed to be improvement in the quality of instruction
available to the large numbers of American children having difficulty learning ordinary
lessons. The schools were concerned about student achievement on the simplest of tasks
taught, whlle science departments were concerned about some of the most difficult.

-~

We visitéd schools in eleven communities, staying long enough to get acquainted with
science teaching and learning, noting the satisfactions and dismays of teachers, students

and others. We found each place different, complex, interesting. Each generalization had
many excéptions. Sometimes the science program, the mathematics program, or the social
studies program was a part of what people were most-proud of, or least proud of-~-but not
often, There were too many other critical matters. Many teachers were busy narrowing down
to a "basic skills" curriculum; most were teaching pretty much as they always had, on their
own, relyjing on the textbook or workbooks, treating science as something important, but some-
thing that could be learned later if not learned now. .

. ot
f




Q

ERIC

Aruitoxt provided by Eic:

'OTHERrélNDINGS OF THE CSSE PROJECT

19:9 co : ‘

b4 '

N The CSSE field observers, scattering out to the original ten sites, were coached:to
concentrate on science, math and social studies teqchlng Not surprisingly, many of the
issues they found were general education issues. the schools are highly visible social -«
institutions and much of what happens in $chools relates to the general place of youth
in today's society. The following findings and interpretations’are not immediately indic-
ative of needs for sdience education or National Science Foundation support for the schools,
but should contribute to an understanding of the background that will influence.any efforts
to upgrade the quality of science teaching and learning in pre-college institutions.

. .

t ‘:‘% . \

Due Process vs. Ordinary Pedagogy, There was a major but only partly visible.confron-
tation in these schools between due process, particularly equal treatment, derived in part
from the l4th Amendment to the Constitution, and ordinary pedagogy, particularly as a teacher
manages student learning activities. Efforts to give equal educational opportunity to all
children are at times at odds with efforts to protect learning spaces from the distractions
and disruptlons of students who could not or would not learn the lessons at hand in timely
manner., There was a confrontation between a common be}lef .in how-to-teach versus a social-
political pressure to comblne all students into a single clas$s for instruction. But more
than that--

-

Especially in communities such as ARCHIPOLTS (see p 9:25) and WESTERN CITY (see p 7:27)
where many children needed extra teacher attention, where school kindled little spark and
where authorities struck little fear in youngsters, teachers were suffering the loss of two
traditional control mechanisms: grouping students according to talent and motivation, and
isolating the majority” from the slow, the diffident., and destructive. It was not that
teachers could no longer "track" students--in fact it was apparent they could do so, in
ALTE subtly, in RIVER ACRES, and WESTERN CITY openly--but they all had "so many problem
children'" and little way to help them or even to keep\them from having an adverse impact

upon classroom activities. ,

The situation was substantially worsened by the good works of the advocates of equal
opportunity of education., By law, court r&ring, and by regulation (and by all that is right
andgmoral) no child is to be denied the ordinary classroom experience, the full opportunity
to learn a&;d the youngsters of neighboring subcultures. Accordingly, children are to be

mainstreamed,"” taught without regard to.race, sex, social class, physical disability,
psychological impairmentt--whether or not they are an obstacle to the ordinary pedagogical ’
regimen. In classrooms in thrée eastern cities we visited (e.g., p 9:13ff) not infrequently
the teacher was unable to maintain control. The youngsters disrupted each other, failed to
respect the property of individual or imstitution, and assaulted the teacher both directly
and indirectly. In one city those expelled for more severe offenses were returned by the
courts to the same classrooms, to be afforded that equal but now diminished opportunity to
learn amid disruption. ' v .
. , -

Teachers and educational leaders at all our sites, proud of the liberal heritage of
the American schools, were respectful of the law and reluctant to speak- directly against
busing, mainstreaming, and open enrollment. They acknowledged that in the past and still,
the Blacks, the poor, and other groups had been discriminated against and deprived of full
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educational opportunity. They were embarrassed by protestors who chant in the streetd and
by parents who enrdll their children in prtvate schools. §Th%y did not want to be identified

with these groups, so they failed to'ipeak up and even to recognize the directness qf the
confrontation between the two forces. v .0 "

In theii'own'classrooés most teachers treated children as individually different (if
they could find time to) recognizing that developmental pattérns and basic knowledge would
be greatly similar, but recognizfng also that each child's education-1is a continuous exten-
sion of personal.4ssociation of the mind. They had different expectations for different
youngsterst,someiimes giving marks on the basis of wlat the child should be doing with his/
her skill and background rather than on the basis of what was acgomplished. They grouped
children in téams, clusters, and tracks, and.put them on indiviﬁkﬂ_pathways and pacings,
in order to move them through assignments expeditiously. They did notf do all these things
equitably or even wisely. But they did them with a deep conviction that to teach effectively
you have to treat individual students in unequal ways. They often did not know what to do
about the requirements of government and the rulings of courts to treat children as equals. 1

. »

It was a hurtful .confrontation, The children and parents at hand were benefiting from
neither legal rédress nor good instruction, with little relief in sight.

£ 4
-

Technologizing the Currlculum.'”an page 19:1 it was said that several national concerns
about education were not reflected in the CSSE classrooms. Activities at the state and dis-
trict levels did reflect more the national issues. In respotise to poor student performance
in tests, to other embarrassments such as nationally publicizgd lawsuits brought by nonreading
graduates, to a belief that technology** coetld improve the efficiency of instruction, and to
a perceived need for more control over the whole teaching-learning system, & nationwide effort

. . v - .
- SR

N

v
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*We of the CSSE staff think 4t might have been a betéér?legal confrontation if there
had been a Constitutional Amendment guaranteeing the right of each child to an education.’
Then it might have been acknowledged that in order to learn to r*ad and to begin the
Annumerable tasks "expected of competent adults, the child must learn with fellow learners
who are capable of leaFning, interested in learning, ‘and at leagf usually unable to entice
others away from lgarning. Even a corps of quiescent but disengaged classmates would not
meet that legal requirement, for classmates themselves are the models for what a school

* person should be. ,ff there had been such a consgitutjonal guarantee we might have had a

better legal confrontation. But even that Amendment .would probably not have been enough
to remedy the distress of those who wanted schools to 'work. :

. ] N , - ’ »
We think, it is not enough for a society to d1ive within the law. The laws do not
clarify what 1s right ultimately, only what is right under the law, only what should.be' L0
obeyed while the law remains unchanged. When two great "rightg' are in, confrontation,
as they were here, it is the éesponsibili&¥ of the lawmakers, and primarily the citizens
before them, to spell out what combination of rights, what compromise, will bést serve the
larger welfare. Such was the case in 1977 with the confrontation in educatioii between due
process and homogeneous grouping for instruction. n& -

. . ¢ . . .
**Technology here does not nézessarily mean mfchanical or automated devices, but any
effort to routinize or standardize procedutes either for students or teachers. Thuis flash

cards, workbooks, and formal plans are all instruments of technology.

¢
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has been undertaken to make teaching more explicit and more rational and to make learning
more uniform dnd more measurable. Evidence of this effort was-apparent in all o sitgﬂ'
and confirmed by our national survey. "The effort appeaged to have some,effect on what
teachers talk about, and some even on what they did. Many Peachers appeared convinced
that teaching and learning should be more efficient. They preferred to gét efficiency

" by explication and simplification of what is to be learned. For the most part teachérs

cooperated with d}strict efforts to 1mprove efficiency through this procedural technology.

»

lhe first step usually had been to obtain widely-acceptable statements of school
objectives, reducing the number of paramount things to be accomplished, diminishing
the differences tu be noted between classrooms and betygen classmates, and drawing
community attention to those school purposes that all agree on. The second step uSu-
ually had been to identify criterion test items appropriate for assessing student accom-
plishment of the objectives. It was presumed that lack of hccomplishmen{{yould require
additional study or that teachers would know hdw to modify instruction. This last part
was not tednqologized except in certain "individualized' ‘'systems such as IPI (which we
encountered in ALTE, p 3:14) and PROJECT PLAN (which we encountered in FALL RIVER, p 2:20).

“ .

ko

Administrators at mény of our sites spoke highly of these technological efforts.
Many teachers spoke highly of the increased manageability, of instruction through object-
1fication but objected to i1nstructional time diminished by time taken in testing and were
apprehensive aboup what might be done outside the classroom wj the test scores. In
districts where objectives have been formalized and tegEi,adﬁiﬁgstered the teachers were
less enthusiastic, but many continued to appreciate the order and assurance that such
systems broughtr to teaching. We did not run into any situations where the objectives-
based system had in fact changed the achievement levels of the youngsters.

. &

The Management Burden.' For various reasons, federal and state offices have assumed a
greater responsibility for the conduct of education. The superintendent of the local dis-
trict had become less the head of ap educational system and thus less the community spokes~
man for science education. He had beco more the intermediary between the local schools
and federal and state offices and more ?ie spokesman (often reluctantly) for the socitl
bureaucracy of which he was a key member. (See Chapter 17.) ’ . ) .

N

¥

Federal legislation, such as the‘sweeping‘new provisions for education of handicapped
children (PL 94-142) and state programs appeared to greatly increase the administrative
burden in school districts. (We noted it garticulary in VORTEX and WESTERN CITY.) Public
opposition to School costs fixed sometimes. on the total salary costs for administrators
(as it did in FALL RIVER), but demands created by new legislation presseq'the district
to continue to expand its staff. High management skills were needed for properly inter-
preting and carrying out the regulations. The demands not only added to the expense, they
redirected attention of afmost all admfnistrators from pedagogical matters to management

matters. : N .

B . . .
¥ I8
In their wording, federal and state regulations continued to allude to local responsi-
bility for the conduct of education. But in fact the formal and informal national pressures
were SO greaé that few district curricula had a character of their own, independent of what
they had taken on to win special funds. (There continued to be many uniquenesses at the
classroom levelethat were not reflected at the district level.) The obligation to establish
"minimums," e.g., for student performance, for teacher teaching-field college credits, for
safety~--above which schools could be dif{erent if they have the resources--was probably a
constraint upon unique thrusts.' The funds available from categorical programs were essential
to the solvency of the district, so the local Board of Education{ committed the district to
those categorical aims in order to win the .funding. :

22 . -
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According to contemporary wisdom, extra responsibility for the conduct of edu-
cation cannot be exercised properly at state and federal levels, nor indeed at the local
level, without additional information about the perforzance of students and other details
of the curriculum and classroom. Therefore, elaborate informatian systems have been estab-
lished. In many places these had been standardized and automated, ostensibly to simplify .
the burden of gathering and interpreting information. So far, as reported in RIVER ACRES
and FALL RIVER and GREATER BOSTON, the systems wére, cumbersome, expensive, distracting,
and‘apparently of questiofable validity for improving the operations of insftgégion. Their
very complexity, plus' the complexity of the relationships between local and higher author-

.

< i o Lo -
ities, demanded much administragive attention and talent. Thus it seemed the immediate

O
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and ordinary affairs of curriculum and instruction actually got increasingly less admini-
strative attention. ' .
e ) ”

In an effort to diminish burden and constraint, many of the larger districts had
decentralized both authority and services. In ARCHIPOLIS, building principals and
teachers thus did gain greater autonomy--but district requirements remained, and the =
result in part Egd been increased confusion and less help with curricwlar and pedagogical
problems. (See™p 9:3)

L]

. v )
. ‘ e ™~
Classroom teachers did not see superintendents and district personnel as "informed"
or sufficiently "concerned about conditions in the classroom.” For example, in FALL RIVER
(p 2:4)x v

Occasionally the talk is about administrators--not the ones in the building,
generally respected and considéred part of the group--but the ones "downtown."
The tone is usually negative. One gets the feeling that "we" and "they" are
not playing on the same team. '
- ~ /
There gre guys down there that don't even have a job description.
They run around trying to do ghings to justify their jobs.

Administrators ought to have to teach one class a year just to

- keep in touch with reality. They get doum in that central office
and forget what it's really like. Education professors should kave
to do the same. ﬁ

Actually it appeared that tegchers tad” lictle information about central administrators,
and even building administrators, on which to form such judgments. Both parties had isolated
themselves, Most building;principals in our CSSE schooli}were quite well acquainted with
what was going on in the cMassrooms, but took little part in their direction other than to
see that regulations were followed. In URBANVILLE our obgerver perceived the management

"system and the instructional system operating smoothly--but $ittle engaged with each other, °

congenial, showing respect for each other's "turf." Both systems appeared fo be substan-

tially committed to "Education," and both were invested with the belief that without a

smoothly working system, there could not be a high quality i;?tructional program. ’
. ¢ “

0y

. .
The RFP Questions. The ¢following questions were raised by the National Science Founda-
tion staff in the RFP. The proposal an® the study itself moved on to other ﬁssues, but
many answers to the questions arewto‘Be found in the case studies and assimilation chapters

Here we give a brief summary answer.
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1. What are the perceptions of the role, scope, and function of science

education at the Jocal level as identified by students, teachers, parents,

adMinistrators, and supervisors? . e

s

Science education was seen as an intégral part of secondary, school education and contributory
to its several purposes (indicated rather directly in responses to the questionnaire [see
especially p 18:100]). The most common perception of function was on preparation for later
training, but therge were also expectations #hat the student would beqome knowledgable about
the world, would move toward a greater readiness for vocational respotlsi ility, and would
increase his or her sensitivity towards human purposes ahd problems, (See Chapter 12)
Natural sciénce was seen mainly as preparation for college (see ALTE), as preparation for.
work (see PINE CITY), and for increaged understanding of the environment (see ALTE and FALL
RIVER). Math, particularly compytation, was seen as basic to. all inte}llectual pursuit (see
Chapter 13), but additionally was widely used as a vehicle for socialization of vouth (see
Chapter 16). Competence in math was informally used to distinguish between those who should
and should not go on for further academic tralning The social sciences were seen in more
varied roles and functions (see BRT and RIVER ACRES especially).

€
-

- L

2. What practices exist in the selection and use of curricular materials?
Selection practices were varied, ranging from accepting state-adopted textbooks (RIVER ACRES).
to a complex local review procedure based on teacher skills and styles, student nekds and
interests, and community preferences (ALTE). Attention was frequently given to articulation
(see Chapter 14) both across grades and across schools, but the heterogeneity and mobility
of students were obstacles to strict sequential programming. The texts used in math and
science were frequently criticized as having too difficult a reading level. Restricted
budgets had caused postponement of purchases in manyistricts, but poor purchasing in the
past lef't many usable materials unused. Textbooks ‘central to instruction in almost
all classes. (ALTE and PINE CITY address the general question.) ’

~

3. What roles are played by parents, teachers, students, school board

members in the review, selectfon and use of 'science curricular materials?
The circumstances vary from place to place. (ARCHIPOLIS and BRT are illustrative.) Usually,
the larger the place, the more is decided at the district office, within the choices allowed
by the state. But many individual teachers were finding.a way to 3btain the materials of ‘
their choice among those permitted by ordinary expense l%nlts Parents usually got involved
only when something went wrong,. (See instances in FALL RIVER, ALTE, and VORTEX.) Students
had no role except indirectly as their qompla1nts about texts and her materials .are taken
seriously by teachers (RIVER ACRES). School boards took the advj of -teachers and ‘“admin-
istrators. The people most interested in curricular choices got involved in "curriculum
guides." Many teathers ignored the guides, or berated them, but central office personnel
often displayed them with a considerable pride. - *

R S

4. What are the roles of the teacher in the science classroom? How effec-
tively do teachers perform these roles? What are their qua1ifications?

Teachers were, first of all, managers of instruction (see ALTE) and arbiters of decorum.
Secondly, they were questioners and judges of responses. Most information camerfromy teaching
materials, but teachers provided a measure ©of information too. Seldom did they assume the
role of fellow learner. Qualifications ranged widely, as d¢id standards set by citizens in
each community. Outstanding teachers were easy to find, "so were ceachgrs 'gone stale'

(BRT, ALTE). Among the least qualified teachers for present work are those reassigned out

of their area of training because of enrollment shifts or budget cuts. (RIVER ACRES, FALL

-~ RIVER, ALTE, and GREATER BOSTON have good descriptions of science teacher roles. )
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5. What objestive evidence 1s available about the effectiveness of science ',
education programs as measured by student outcomes?
The effectiveness of sciencegprograms is not ‘indicated by the measures of student outcome: in
any district we visited. Some test performances had declined (see VORTEX); some level per-
formance trendlines were’ proudly displayed (see ALTE), but it is questionable to attribute
eiEper change or no changé to the quality of instruction. '

6. How and by whom are science tea®hers and students evaluated? -

In each site there was frequent evaluation of student performance by teacher judgment and
by formal testing. Outstanding students were "followed-up" by interested teachers. Most
teacher evaluation was informal, with formal responsibility assumed by principals. Teacher
evaluation was stressed in URBANVILLE, ALTE and ARCHIPOLIS, .
e

7. What laboratory materials we’ used in connection with science curricula?

Huge variation was found, in aqgtnt as well as kind. (ALTE is a portrayal of feast,
. ARCHIPOLIS and PINE CITY are po rayals of famine.) Vdriation among schools within a'dis-
trict was also apparent (see WESTERN CITY and VORTEX). " -

~ Lad

8. What out-of-school resources are used in copjunction with science
curricula? ;
4

Out—of—sgﬂool resources were seldom used. Though rare, outdoor experiences were highly valued
“in ALTE, FALL RIVER, and ARCHIPOLIS. Museums ‘were utilized in GREATER BOSTON and ARCHIPOLIS,
but less than they probably should have been. Parents occasionally were asked, and sometimes
made noteworthy contributions (see RIVER ACRES). In _COLUMBUS, mortuaries, brokerages, pool-
rooms and churches substituted temporarily for schoolrooms. Emphasis on the basics and
preparation for testing created doubt about the value of out-of-school resources.

»

9. How much time (in comparison with other subjects) is spent on the
teaching of sciende by grade level? )

%’ . '
Minimum times are set by districts or states for the lower grades, The elementary schools
met thfse requirements for math and social studies, but sometimes met them in science oply
in a perfunctory way. Reading about science topics was counted as science instruction.
Recorded times are likely to be misleadiW®g. In two adjacent classes teaching science for,
120 minutes per week, one teacher might be involving students in the key ideas of science,
teaching vocabulary, and helping them work on projects for more than that while the teacher
next door may do no more ‘than to assign science related readings and encourage those inter-
ested to develop their individual interests. Math, social studies, and language arts and
physical education got.more time; art, music, foreign language and "guidance" got less.
(See WESTERN CITY, ALTE, RIVER ACRES, and VORTEX.)

10. How effective are the science education efforts as viewed by students?
by parents? by teachers? by administrators?

Almost all members of these groups rated the science education efforts as "satisfactory"
or "very good." (See p 18:92) ’
-

~
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. 11._ What special efforts are set aside for those students skilled or h1gh1y

 -interested in sc1ence9 for non-reading or unmotivated students?

! N v

The main response of the schaols is to group, students homogeneously for instruction. (See N
the "levels" in RIVER ACRES, the "prerequisites” in ALTE, the "advanced placement” in VORTEX,
and the "tracking” jg WESTERN CITY.) Some schools had special labs in math for slow learn-
ding chlldren (URBANVILLE, VORTEX). There were signs of new attention to the "gifted child',
but in general, attention for tes years had been directed to the "less gifted.” Actually,
very few special efforts, other than separation and changing ~of-pace were noteJ for either

the more able'or less able students.
& RN

. 7 . 1 .
|4 12,  In comparisofi with other subject matmer, what budgetary considerations N
are given to the teaching of science? .
Math was getting full support. Science, at the secondar? level, was holding its own mare
than social studiess but both budgets were tighty Optional courses were being reduged. © .
URBAVVILLE WESTERN CITY and VORTEX had experienced sudden tlghtening of budgets. INE CITY
and ARCHIPOLIS had long experiencé\with monetary problems. ~
i
o - ot i :
13. What types of local in- e training programs exist? How often
are they conducted? #% “whom? What is the level o participation? How
effecdve are they as perceived by teachers?

o

»
Staff meetf%gs, district conférenceS, and university cour es were most common. Most schools
had in-service workshop days a couple times a year, prganized W and staffed by district
perspnnel and consultants. * Participation was high‘gﬁ most places. The teachers found them
" more valuable for opportunity to talk with other teathers than for the help they go’ from
specialists. In-service leadership by master teachers was sought. NSF ingtitutés®were N
-praised. Many teachers had problems they were not getting in-service help for. (See *

£

- p N
14. What superyisory positions’exist for science at the district and
? schoo) level? What«function is served by personnel who fill these .

positions? ~ .

, . !
Titles and responsibilities varied greatly from dlstrgst to district. Curriculum supervisors
were fdund jncreasingly to be organizing competency lists, defending policies and practices,
soliciting $pecial funds, and interpreting govermnment documents. They were little involved ®
in evaluating teachers or helping igg}vidual teachers imptove their teaching. (See VORTEX,
WESTERN CITY, AgCHIPOLIS, URBANVILLE,s FALL, RIVER.)

o ™ .
15. How are science education programs administered? by whom? What are

the administrators' qua11ff‘at1ons7

Science education’'"programs' are admlnistered by,central administrators (see ALTE) or by
"building administrators (see RIVER ACRES). 1In cases'where they carry the title "science
coordinator or other speciflc designation of science, those administrators have excellent

~academia-science .credentialss «/
\\///
€ 1:,,‘:;3 . A N )
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N 16. What barriers exist to improving science education at the local level

, " as.percetved by students, teachers, administrators, school boards, super-
-yisors, parents?

The one largest barrier seen by 2ll groups was: student behavior, particularly student
motivation {see FALL RIVER), Flnancial barriers were often mentioned (see URBANVILLE,
WESTERN CITY, ARCHIPOLIS). Complaints of teachers (heard but often misunderstood by super-
visors and others in the support system) indicated dissatisfaction with materials that did
et conform tg their responsibilities for socializing the youngsters. Many students found

\‘the eourses bering. Across the board, there was not a strong feeling#that improving science

®ducation was high.,on the-priority list. (See the complaint of a RIVER ACRES teacher who
couldn't arrange a bus trip to the capital while "athletic teams could be bused anywhere.')

El
v
.

. 17.  In what ways do the major issues, questions or concerns identified
differ by subject matter (science, mathematlcs, social studies)? by grade
Tevel within subject matter? .
Wpst widkspread issues and concerng were unrelated to subject matter or level (see student
heterofeneity, Chdpter 14, for example). Computation skill of students was one of the
hlghest of all,concerns found, with great attention at all levels given to the problem o
its remedy In. the upper grades preparation for college determined greatly how a course
would be offered. At the junior high there was great concern for reading skill and student
motivation for schoglwork. QOther general concerns, such as for a "back to the basics"
curriculum or for 'dreater articulation from year to year," were seen by almost every sci-
enge teacher as greatly influencing the quality of science education offered, but were about
" .equally pro inent in all three curriculgresreas and at all the levels of schooling.

o {

,/ Powerlessness and Remedy. We talked to many people in the schools who were proud of
Qha; they had,-proud of what they had done, yet pointing to things they would lfke to change:
Different people seeing different ailments and suggesting different remedies, of course.

Mosg of the changes were changes that someone else would have to maké. Many would require

a“change in the larger system. The teachers aﬁuygthers felt they had little power to change
them, ‘ [

~

. i . = )

Y

.
-

r

K -

nge of our sites were in rapidly developing areas such as the Houston area, where new
‘jobs, new families, and new money kept the school system a tumult - of growth, where little
of tradition and cutback seemed to constrain the curriculum. Other areas such.as the Boston
area were wrenched with poverty, racial confrontat&on, and judicial intervention in the
management of the schools. But wheregpr we went, whether or not the people were proud of %
their ‘sc 1s or ashamed of them, they saw little chance of change, and little more they /
could do themselves. , A

; .

Bill is even more resigned. He doesn't feel that there is much that the schools b

can do to affect the real nature of the historical process, or perhaps much any-

one can do. L1lke many other teachers in the school, the things that keep him

teaching are not the‘'hope of bringing a¥out social change, but the fact that he

“enjoys what he is doing, likes the kids, and finds himself in a school where
(such enjoyments) are still possible (GREATER BOSTON, pyi1:19). *

At most sites the'teacher had a gréat deal of léeway as to what would be covered in the
course of study and as to how time would be spent in class, but always within limits. The
expectations of other teachers, of parents, of administrators, of pressure groups, could
not be vioYated without repercussibn. Many potential confrontatigns were avoided at hiring,
with applicants for teaching and other positions screened partly on the basis of conformity.

/
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A rural Illinois board member rejected ong applicant saying in all seriousness, "But he's
not country." Almost every teacher on the RIVER ACRES staff was a Texan. The teachérs them-
selves crushed their own diversity, not necessarily in a cruel way. The limits to which a
teacher could venture were seldom explicitly defined, but they were there. Some teachers led

us to infer that they felt powerless to take action that would challenge the boundaries. Few
wanted to. . 4 . . -

Principals and superintendents in our districts seemed to feel the same——tﬁough less
often with an air of despair. In GREATER BOSTON (p 11:22-23) a black princibal felt blacks
had finally assumed enough control to get something done, but the job remaining was immense
--and that he really did not ‘have much power. Ip PINE CITY (p 6:9-10) where t segrega-
tign progresg linked into everything else, the superintendent was pleased with e numbers
of students. leaving whitd academi®s to return to the public schools, but saw the task of
educating these youngstens and gl1 the others as still enormous.

The quality of the schodls was seen by some to be high, by others low. Everyone can
see problems, almost everyone took pride and comfort in at least a bit of the whole. Though
each can muster an abundance of evidence, neither Pollyanna nor Cassandra is a suitable re-
porter of American education. It was neither uniformly good nor bad, but 5-collage still
of the ordinary and the excessive, of magnificent obsessions and petty schemes, of grand
comprehension and adamdnt stupidity.

The eye for remedy had numerous places on which to focus. The classrooms were often
poor learning environments, with students unconcerned or even hostile to the school effort.
What was beingmtaught was often simplistic (reading, simple operations, direct quotations
from textbooks) and of questionable relevance from a subject-matter point of view. The
social concerns of people (desegregation, vogational opportunity, sports, defiance of
authority)--though they have a place in most“videas of‘what education should be--were dis-
ruptive and counter-productive to much of the acaq..ic program. . Yet it is difficult to
imagine what sort of change in priorities and overall operations could substantially alter
the system. ‘

~

Most schools--it appeared--were not whaf most education specialists and critics would
call "intellectually §timulating” places. Fach had a few teachers and a few occasions
during the week that aroused the intellect, some many more, and for different children
diffquntly, of course--but that was not the pattern nor the intent. The talk one heard
in classrooms was much like the talk in nearby ghurches, bars, rotary clubs, and laundro- &
mats. It seemed ahout the same with regardeyto intellectual stimulation, with the classroom
slightly more committed to the consideration of evidence and the questioning of old beliefs,
byt not much. Newspapers, television, comic books, and movies were apparently much more
source of intellectual stimulation than the schools. Most schools were bending to othe
purposes: strengthening the simplest and most basic reading and computation skills and dcon-
forming to the expectations of teachers further up the grades, of parents, and of a society
that wanted people easily recognizable as Americans.

There was a "Love It or Leave It" attitude about much of education in 1977, just as
there had been during the War in Vietnam. People‘who had different ideals than the locally
prevailing ones, ‘who protested or took steps to reform, were suspect. Many people in and
out of school were’not happy with the way schools were, but thef were disillusioned by re-
forms, and they had ordered their lives on the basis of havihgi.school systems pretty much
the way théy‘were (PINE CITY, RIVER ACRES, COLUMBUS). A few teachers could be said to be
pioneers, not many. It should-be noted that the frontier spirit of the day was not "We're
here to build a better world," but '"We'll do as we damn please.' Perhaps it was always thus.

Still, the future*looked not as foreboding as ,these paragraphs sound. People were .not
submissive. Filing lawsuits and dropping out, spreading the word and exercising privilege
in diverse ways, the people in this society largely and continually were working to improve
the lot close at hand. Agencies such as the National Science Foundation could do many things
to support the efforts of people to remedy ills, to make their small place a better place to
teach, a better Place to learn. :
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NEEDS AS A BASIS FOR POLICY SETTING

This project, Case Studfes in Science Education (CSSE) was one of three studies designed

to provide status information to the National Science Foundation. By subtracting status
from goal information, according to James Popham® one might indicate present needs. After
reflectin§ on what we in CSSE have learned directly about perceptions of need, and on
Dearden's™* thorough analysis of need as an educational concept, we felt compelled to sug-

gest an alternative strategy to the NSF for programming future support for science education.

s

‘ ¥
Committing the NSF to Needs Assessment.***

tion has depended upon scientists for information and direction. In its early efforts the
NSF cooperated with colleges and universities and focused on science education programs
for teachers who teach science in the secondary schools. 1In the 1960s the NSF support of
curriculum development became a significant role of the Education Directorate. With that

thrust came an increasing emphasis on secondary school programs and the training of teachers
for curriculum implementation. Still, the effective emphasis was toward education of future

scientists--a small minority of all students who take science courses.

The early 1970s saw a broadening of the scope of NSF education activities. Curriculum
developers widened their scope to include all students. As the focus widened, the scrutiny

the NSF ‘\peived from Congress and the public increased also., Increasing criticism culmi-
nated in cessation of curriculum implementatiop pending an assessment of activities both

within the Foundation and without. Dr. Harvey|Averch, Assistant Director for Science Edu-
cation, said in his address before the Subco
Committee on Science and Technology, durin
tatives (February 10, 1976): "No major ney curriculum prcjects will be funded without a

systematic needs assessment’. Needs assegsment will take two forms: analytic surveys and
analyses of educational practices and requirements, and public participation and comment
on ogr program designs.'

erhaps most significant of all ne
would/they depend so predominantly on thg advice of 'scientists in determining educational
programs. It was recognized that if the NSF was to affect science education for children
who yould not enter science professions then the views of persons other than scientists
woulfl haye*to be included more in planning pre-college science education. The result was
a décision to do a broad needs-assessment of pre-college science education, especially to
capture the input of interested and informed sources outside the traditional scientific

circles. Once that decision was made a host of opportunities and problems arose: What is the

need? Who is best equipped to know? How many should be reached? Who represents the pre-

college science education efforts? . With whom will NSF work in implementing future programs?
What data will reveal the needs and satisfy the broad responsibility pledged by then Assis-

tant Director Averch?

.
3

-

’

. James Popham, Educational Evaluation (Englewood Cliffs, N.J.: Prentice Hall, Inc.,

1975), p. 65.

**p. F. Dearden; ''Needs in Education," in Education and the Development of Reason, ed.
R. F. Dearden; P. H. Hirst; and R. S. Peters (RKP, 1972).

***partg of this section were drafted with the assistance of Arlen Gullickson of NSF.

Since the 1950s the National Science Founda-

awarenesses of persons in the NSF was that no longer

ittee on Science, Research, and Technology of the
authorization hearings in the House of Represen-
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Need. For the Science Education Directorate's pu;poées, need was originally defined as
the difference betwken what exists (status YJuo) and what is believed should be taking place
in science education (ideal status). Difficulty in implementation of that model arises
principally because of the lack of agreement as to what "should be." Dear@en remarked that
norms may be vague, difficult to state, and difficult to agree upon.

»

"Should be" may be defined in terms of present uses or practices. The claim can be
made that if some science knowledge is required for functioning in daily life, then that
science should be taught. 1In such a case need (remaining amount needed) would be the differ-
ence between) what, is beikg taught §nd what 1s required. It was retognized that there 1is no
single universal requirément or desired status of science education. There will always be
healthy disagreements as to what should be.'" "The suitability of a science program or of
a child's competencies is largely dependent on his present and future circumstances, (In
practical terms there are not minimum skills for all youngsters——it only helps us to talk
about minimum skills in order to give greater emphasis to certain learnings that are widely
désired but not now sufficiently attained.) ' . ¢

‘ [ )

i

It is essentially impractical to consider needs by separately considerihg actual st;tus
and desired status. Both should be considered simultaneously, relating both to particular
children, particular communities, particular learning tasks,.and particular curricula.

When one inquires about-status (as we have in CSSE) it is difficult not to learn about need
directly. Students, teachers, citizens,‘and others are quick to follow answers about the
present status of teaching and learning with information about what the status should be.
They speak of problems. They speak directly of needs.* e

<

The Jacobian. The*problem is to identify a course of action given status and need infdr-

.mation but not given a "destination." One might look to mathematics for a sense of strate
g gy

Here. When analysts are searching out a maximum point on an unseen but formulated surface
{e.g.: y=f(x,Vv,u)] they may use a directfonal rather than a discrepancy strategy. The slope
at the maximum point, such as at the top of a hill, is zero. The surface is horizontal
there, there is no slope:. By ‘the use of derivatives and the calculus one can learn the
slope at a preéent position, or at any guessed position. Once the slope is known there,
it is only logical to move on "up the slope, uq?ill" toward the searched-for maximum, then
to check out the slope again at a clbsef spot. ) A
N . K
: ol

Sometimes the mathematician uses a procedure called the "Jacobian." It permits him
simultaneously to take readings of slope at nine patterned places, using the information
to make a much more_considered estimate as to where to check the slope for the next itera-
tion. But with or wlthéut the Jacobiah, he moves in the direction of improvement until he
gets as close as he wants to*be to the zero-sldépe maximum. ‘-

3

-

“

*There is an important political implication heré. If it is believed that the pe%ception
of need is most effectively expressed by specialists in science and education, then it is '
important to have raw status information for them to work from. If it is believed that the
perception of need is most effectively perceived by teachers, students, parents, and others
citizens then.it makes more sense to ask directly about need than to speak of need as a
discrepancy between an actual state and an ideal state. Neither perception alpne is usually
sufficient, of course, but preferénce for one or the other helps to-resolve the definition

of need to be used. ¢ . N . i

b .
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The key to this strategy is to keep moving in the indicated direction. One does not
know where the desired spot is, but only somethlng about the conditions there, specifically
that it 'is higher, (i.e., better) there than any other place around. Of course there is
always the risk that the maximum one will find is only a local maximum, that there are higher
hills elsewhere, but the local maximum found may be good enough.

>

n education we identify many situations in which learning is not aX the high level we
would like it to be. W¢ would like to find conditions that bring about th™highest possible
learning. But our research efforts have not been able to tell us at all aeéurately about
what conditions, at what locus, the maximum learning occurs. What we can do is to study
the present conditions, and head out in the direction of most Iikely improvement. If that
makes thlngs worse, we can retreat--but probably we will find some improvement, and identify
a new direction of 1mprovement
. ‘ .
> Sometimes we can locate knowledge or experience which enables us to estimate what the
learning would be if conditions were changed in some way. Then, as with the Jacobian, we
might make simultaneous indications as to the best direction to move.

The critical idea here is that we do not know where we ought to be. In gducation, as
with the Jacobian, it is impossible to say, "Here is where we ought to be, therefore we can
merely subtract the distance and move that far." We cannot identify the most important needs
by noting the greatest discrepancies between present and ideal status. It doesn't work that
way. What we can identifx are the greatest distresses. We gan recogniee our problems and
aim our movement, not in the direction of an obscure Utopia, but in the direction of relief:
(Almost no ‘one can spell Utopia, but everybody in the country can spell Rellef ) The key to
need recognition is finding the direction of relief.

Another Round or Two of Studies? At the end of the present round of studies we will
know a great deal about need for improvement of pre-college science learning and teaching
in the U.S. There wiil be some issues central to NSF program development which will be
unclear, needing further study. There will be some issues that are clear but unresolved,
with different directions. There will be other needs still undiscovered, principally because
only certain sub-groups of the population were asked this time around. Leaders of industry,
economists, teacher trainers, and futurists are some of the many who have additional ideas
about what is needed now and what will later be needed.

'
.

The choice of this rationale for needs assessment does not deny that Utopian ideas
about science education are important. It only claims that the appropriate inputs for the
Utopian output are obscure. It rejects the idea of making a single calculation as to
what is needed for a once-and-for-all change. -It opts for incremental remedy.

4 L

Clearly a needs assessment should be accompanied by a study of the options available to
alleviate the higher priority needs. Some information on relief possibilities accompanies
information on the need, but more systematic study of alternative remedies is usually needed.
A second round in the NSF's needs assessment procedure might include one or more studies T
(probably policy studies) for each need, or cluster of needs, including the following

(a) to further identify the need;
to examine its interrelation with other needs; and
to examine the conditions under Whjeh this need is
more or less formed;

Q
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g and then
(b) to identify possible options for remedy of the need or improvement
of conditions; and
to examine the costs, existing constraints, and implications of
exercising each option; and especially .

a

(c) to eyamine carefully the projections of change in conditions so
as’ to know what relief may occur without action, and to know
what exacerbation is to be expected. *

-

For example, it was our observation and it might be concluded by officials of the NSF,
that "teacher support systems' were weak and heeded vitalization. The teacher having diffi-
culty carrying out an ordinary science teaching assignment was seen to be without sufficient

N aid, though many agencies existed for tha purpose of providing aid. Teachers told us that
. their resource people largely did not know the realities of their classroom situations.
Potential alleviations were seen via better curricular materials, institutes for teachers,
Teacher Centers, and Teacher Networks. The role of the Teacher Association and the inter-
mediate district apparently needed study. Additional 'ekcessing" or "riffing"-of teachers
the future means that more nonscience teachers can be expected to get science assignments
in the next ten years. These are matters to be studied if the NSF is to alleviate the per-
~rejived need for support for teachers having,difficulty providing good science instruction.

_ .

If the National Science Foundation is to continue to improve its awareness of current
conditions of science teaching and learning from fime to time, one or-more additional studies
should be established to look broadly at the needs. *

>

The next studies )
< .

(a) might draw on additional information sources, such as:
professional associations, both educational and other;
business and industry, including NASA, DoD, etc.;
college people, administrative officers, teacher

é .o trainers; state departments of education;
legislatures, governors, congressmen and staff;
scientists; ) .
specialists in manpower and emﬁloyment;
and community advisory groups

, for the purpose of ‘getting new perspectives on identifted issues

and for getting ad}itiohal issuessor needs identified:

validating need-perspectives with various
studies, s as those prepared by:
The InYSrnational Education Association;
. theNational Assessment of Educational Progress;
o the Educational Products Information Exchange; and
the National Center for Educational Statistics; and KY

(b) 1integrati

.

y (c) -providing special perspective from distinguished scholars
) with an orientation to: ,
: the history of the problem; /
- a comparison across countries;
an economic model or rationale foy science education; and

a "socialization" rationale or mgHel for science education.

v N N
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} A third round of work might‘contlngepto start new probes of issue clusters and contin-
uations and improvement of overall need-assessments for the NSF. It also should move to a
feasibility study and perhaps’ pilot operation of one or more program options appearing most
favoXable in the second round. The 1dea 1s that changés in NSF activities should be based
not only on needs asséssment but on policy studies that directly relate to practical con-
straints under present and future conditions. The focus in this NSF needs assessment would
remain on providing a more community-based perception for NSF programming to assist _the
schools (and other cducational media) through regular and continuing support services.*

4

What {s proposed herc is that needs be 1dentified directly, not without consideration
and documentation of present conditions and desires for the present and future, but that
needs not be operationally defined as‘a'discrepancy between the two. What people can often
agree upon 1s the direction in which to move to improve condizioms. "Needs will ndt be
entarely eliminated by any one program, but they can be alleviated best--1t 'is claimed--
by direct attack upon the problems. When problems and constraints are sufficiently reduced,
the nation's cHucational system, following the dictates of the individual communities, can
be counted on «o provide a proper science education program of quality.’

A Hierarchy of N@s. The behavior of an individual at a particular moment is largely
determined by his/her strongest nged. This seems to be true for teachers, and it may be
true for school systems, and for national efforts. The "behavior'" of educational program
anmd teachers in classrooms at any particular time seems not generously directed to the highest
afd most complex of needs, but more often at the lowest and most iwmediate.

(,’ . . " ' i

Abraham Maslow once offered an interesting framework to explain the\hierarch& of
responses to human needs. According tp Maslow, physiological and safety meeds are strongest
until they become at %east considerably fulfilled. If ‘survival is not wkreatened then the
individual can attend to social and self-&teem needs. And finally, when comfortable among
peers and with one's self, one then may move oh to "self-actualization," attempting to sat-

isfy the need to be the 'best" that one can becqme.**

’

.

*» It is interesting to note How in some ways a hierarchy of needs fits the behavior of
school officials and entire bodies of government. When survival is threatened, when the
budget 1s about to be cut, when asked in new ways to be accountable, or even when the illu-
sion of such "jeopardy" arises, .it seems very difficult for the teacher or superintendent
or director or comhissioner to work cooperatively with other agencies. And only when the
institution is respected among others and by itself is there real effort for it to become
the self-sacrificing, altruistic 'best" it can become. Or so it ¢ften seems.

. S

There is a need for excellence in teaching, i{n learning, in administering, in providing
support. As the educator is charged with failure or threatened with transfer, as the agency
is embarrassed at hearings and asked to justify its actions, there may be an all-absorbing
effort to.protect the enclave, to survive. The more there is indignation about the absence
of excellence, the more there are charges of a lack of excellence and clamor for it, the
less likely persons and institutions can mobilize to attain it. This is not a plea to quiet
the clamor nor to ignore the shortcomings of educhtors and educational institutions, but a
plea for understanding the response. It is a plea for letting up on a singular emphasis on
needs. The more needs are subdivided and specified, the more defensive many educators and
"institutions become, and the less rational may be the response. We have to move to gain re-
lief even before we know enough about our needs.

3<This action on the part of the NSF would be consistent with the historical pattefn of
social reform in America, according to Harry Passow in "The Future of the High School,
Teachers College Record 79 (September 1977)+ 15-31.

**Abraham H, Maslow, Motivation and Personality (New York: Harper & Row Publishers, 1954).
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POSSIBLE ACTION FOR THE NSF SCIENCE EDUCATION' DIRECTORATE
&

In an internal document for NSF staff planning (dated 4/11/77) Howard Levine wrote:

Since the Directorate is concerned with the interface between science ‘nd
education, it must begin any analysis by determining the current status and
future prospects of both of these entities. It must then synthesize the
information at the interface to discover what the pressing problems are at
the interface. Finally, it must propose programs to rectify those problems.

N

There is reason to question the avowed and widespread reliance on information for program
planning, but information is certainly an important,ingredient. For example, sensitivity
to a co-worker's perspectives is dependent on information, but needs more than information
alone. The information provided by these case studiet tells of current statuses of some
schools with a strong sense of expectation for the future. It of course provides little
information about gcience itself. The interface between the two is more important for
college, graduate and post-graduate education than for pre-college, but the sense of inter-
section is an important one at all levels. :

Following our research plan, we reviewed previous NSF program e}forté and attempted to
anticipate prospective and potential headings. In this gection of the CSSE final report we
comment on/the desirability of support for those headings in the immediate future--consf{der-
ing of coyrse~the many points of v%ew expressed in'qpr case studies. : '

)

<
Curriculum

nt . k‘

As long as knowledge and pedagogy change there will be need for curriculum development.
But tight now is not a time of much change. In the schodls we visited we found renewed
attention to a traditional curriculum and Only occasionally a need for text materials not
currently available. We did hear some tequests for basic or remedial arithmetic materials
for high school age students. Teachers in all subjects continued,to look for supplementary
mg;zrials, something beyond the syIlapus that was inexpensive and motivating. There was
s feeling that teachers should have help in developing materials which could be shared
with other teachers, as is done in the Vancouver Environmental Education Project at the
University of British Columbia. Tesqing appeared to be too strong an influence on curriculum
development. Curriculum developers qhould probably’ give less attention to the analysis of
skills, more to the contextual utiliﬁy of skills.

PO

Teacher Institutes, Centers, Networks

» There was substantial need for|pedagogical support for teachers. Many of, the good
ideas of supplementary centers, inte¢rmgdiate districts, and teacher centers had’ not caught
on--for reasons we did not understand. But the need was well recognized out there. There
continued to be a‘very good feeling|about the NSF teacher training institutes, and many
teachers and administrators told us|the "course content' institutes should be,extended to
the many teachers who have not had a chance to benefit from them. Institutes based on the
use of expensive materials or new departures for teachers were less likely to succeed at |
this time because local funds and ifnovativeness have ebbed. As a group, the teachers we
became acquainted with in these studlies wanted to extend their continuing professional
education.” Many expressed need for|better ways for teachers to share experience and get
help with problems. :




Scientific Literacy

Overall, in the sites at which we observed classes, science was seen as having rather
limited value to the education of all students. Numerous districts had general science
goals for students of yhe elementary grades and junior high schopl, but these goals did not
get high priority attention. Many a district's teachers were satisfying their-obligation
to teach science by using reading materials that had 4 scdientific topic and by observing
the development of plants and animals, important activities but falling short of u5ual
definitions of a science education program.

-

The claim thag a deeper level of understanding of sScience is necessary for mature
thought is a provocative idea, but one that lacks empirical substantiation. _What consti-

" tuted minimum competency in science or any area of skill or knowledge was highly dependent
on local circumstances and value patterns; therefore, scientific literacy was not something
"testable" with a single standard on a universal scale. But the idea of a better place for
science education in general education is worthy of further study.

»

o

School-Arranged Opportunities to Learn Science Out-of—ScngeQ

Programs of outdoor education; with strong science components, were found in several
of our sites, particularly the ALTE, FALL RIVER, and ARCHIPOLIS schools Students there
testi d to some happiest and most memorable learnings in outdoor programs. Combination
schoﬁd work programs, presently a priority planning topic with the U.S. Department of
Labo uld be much more than a credit-for-work-—experience plan if curricular structure
were integrated into the arrangements. The opportunities to provide valuable science edu-
cation experiences in such high—motiva{ion programs were numerous. "It needs to be realized
that many schools found the arrangements for such out-of-school experiences problematic,
exhausting, and of no lasting value, as we learned from the Columbus, Ohio, School-Without-
"Schoolsobservations. The National Science Foundation could assist the schools in making
these difficult logistic arrangements and contribute a’ponus to the local science curriculum

at the same time.
r Y

In an article entitled "More Youth Than Jlobs," educational sociologist Robert Havighurst

said:* N v
a - . . . B - v

~ [}

The contemporary youth crisis calls for leadership and action by educators working
at the high school and college levels. However, they will have to think and act
outside of their accustomed routines. Youth need pragtical, maturify-promoting
experience in the adult world, together with vision %l perspective on the future
of the society for which the¥ will soon become respoflsible.

He proposed an Education for the Future program along these lines with emphasis on the liberal
arts but taking place in the work and learning settings of adults. He suggested a joint
curriculum commdssion funded by the National Endowment fo® the Humanities and the Mational
Science Foundation. The findings of these case studies largely support the need and good
sense of this proposal.

S

*Robert Havighurst. ‘"More Youth than Jobs," The Center Magazine 9 (May, 1976): 16-19.
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Science Education Through Non-School Institutions ! « ‘ «
The public schools appeared to us to have & full load of work and to be movihg away &

from science education mdre than toward it, with the exception of computational arithmetic.
It was our conclusion, even though our study did, not extend' to mon-school media for science
education, that moré programming could be purchased non-school than, through schools, for the
same investment. The problem is that the children who would benefit most from most. non-
school programs are the youngsters who already have th® best of it, the ones who already

are traveling, going to museums of technology and natural history, who are guided to the
Cousteau television programs and have a chance to lopk at an occasional Scientific American.
Special programs might be developed through Title I of ESEA for students.whose parents are
economically disadvantaged and who do not .subscribe to the local school objectives or are
not served well by them. Special television programming in the science areas 1s probably
undersubscribed at the present time, and much more could be dome with'local park districts.
We noted in particular the.changing role of the 4-H clubs in America (page 15:54).

. .
[ §
» Vs —
* -

Adult and Continuing Education

\ »

There is one small scieuce education void that NSF might try to £i11l, but it would take
major planning and development. There are people of various ages, mostly those out of
school (we encountered an interesting mother-son business team prospect) who are thinkimg
and working at the developing edge of some technical area, such as verticalization of pork
production and merchandising, technologization of warehousing and inventory control, repair
of hi-fi equipment, use of polling techniques by local newgpapers and advocacy groups.
»There are far too few such people in most communities tb support formal coursework or even
informal learning groups. But in a region of perhaps 90 . minutes travel time there may be
several who are interested in the same thing, and whod® interaction would facilitate their
learning. These people could be assisted considerabky by an’extension prdgram oriented. to
scientific support for self-initiated learning.

This isvan area that univegsity-based extension services have considered their respon-
sib y, but even with large ?gansﬁormation in recent years, they have not developed net-
—— wor or study groups on the basis of the indiviual learner, byt rather on the basis of the
subject matter areas that the college (usually a college of agriculture or professional
schgol) has.developed. A drawing in of unuswal contributions from scientific fields has
not characterized these efforts. Clubs, such{as 4-H, and industrial organizations, have
tried to do some of this, but have been limite r by commonness of interest within
community or by the limited ideational horizon of "th sponsor.® It probably would be fqund
that existing extension networks and clubs should be the operating platform for an NSF
og esigned to increase the science education opportunities .for isolated individuals
but moving beyopd the instructional offerings of even the more advanced institutions.
L 4

3

iz
Research on Science Education > i
4 . - ‘5/’
The National Science Foundd4tion has for the first time become engaged.in the respon-
sibility to conduct research on education. It would, seem that a review of the millions
spent on research by other agencies of the federal govermment would show millions spent
without apparently moving us subgtantially further in the direction of understanding educa-~
tion or providing a better base for development than we had previously. Now it could be ‘that
the NSF could organize its studies better, find better researchers, -or probe areas with
higher potential--but the NSF planners cannot be without trepidation at the prospects.

» » LI ;
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It was our conviction before we started this study, and we became even more persuaded
during the doing, that research on the context of instruction rather than research on the
learner is more likely to yield insights into the ways of improving the quality of education
that is offered. What research on the learner tells us is the vast number of ways people
differ, and how greter experience increases those differences. What research on the peda-
gogical processes,\the administrative prolesses, and the social-political background tells
us are’ the obstacleg to learning and the obstacles to changing the opporfunity for learning.
The cognitive-personal obstacles to learning are formidable, and also not muth amenable to
school control. The social-political obstacles are also formidable, and also not much ame-
nable to school control, but somewhat more. g

- Research on the Support System. One of the most attractive topics of research appears
to us to be the study of the support system for teaching and learning, including the role

of the principal, the department, the curriculum supervisors, the in-service training pro-
gram, the informal teacher networks, the professional associations and unions, the continu-
ing ties with colleges of education, the PTA's, the textbook publishers, and more. It might
be presumed, with the schools having become more technically-oriented, that a support system
would exist to diminish the non-teaching burden on the teagher, to bolster those teaching
areas 1n which the teacher is not strong, and to maximize the use of the teacher's talents.
It was apparent that many support systems were not ascomplishing these purposes.

~

Research on the Curriculum Supervisor. One part of the support system that should be
singled out for particular research attention is the office of the curriculum supervisor or
coordinator. Handled in quite different ways in different school.systems, the role was appar-
ently undergoing new changes., Partly because of district decentralization, budget cuts, and
greater involvement of central offices in state and federal programs, the offices of curric-
ulum specialists now appeared to be busy reviewing new regulations and preparing proposals
for new or renewal programs. Work strictly on curriculum and pedagogy problems appeared to
have diminished. This may have been an improvement--we do not know. Our CSSE experience
was that there were few science curriculum specialists available .to help teachers with course
content problems and few district officlals speaking comprehensively about science education

v generally. A research study might show that these functions are amply being taken care of
by teachers, might show that the present coordinators are doing the new jobs as well as the
old, might show that if increased these offices would be staffed mostly by "excessed" admini-
strators or might show that the National Sxience Foundation should undertake programs to help
upgrade the role and the responsibility. - '

~ - -

There 1is another aspect of the curriculum SUpervis%r that bears investigation. A huge
investment was being made in the.nation's schools in management information systems, many of
them mandated by the states, There was an assumption made that resources existed at the
district level for interpreting the data so that correction or replacement of curricula would
be soundly based, Many supervisors would tell us that they did not have that kind of exper-
tise; about the best they could do“is to get some of the testing people and some of the teach-
ers together and to go over the data and see what gsense they could make of it., These reviews
may be good or bad, no one apparently knows., Just what the curriculum people can best do in

these situations, alone or as part of review committees, is another important research aim,
» : . M

Reseagg; om Scientific Knowledgability. Although the amount of testing of student knowl-
edge and skill has increased it was difficult for us to see how it has improved science edu-
cation, including mathematics education. Supposedly we are moving to a time when teachers will
know how, much the child knows and how' much the child does .not know--at least within a pre-
scription. of objectives. Many teachers and administrators expressed a belief that they were 4
making progress in this direction. We remained skeptical. :

\
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But one thing clearly was happening. The curriculum was becoming more oriented to

general skills (adding, reading, observing, looking up information) and less oriented to s

subject matter content. This was partly because a skill item appeared to be more basic and )/
universal than a cont®nt item and therefore "relevant" to a larger stretch of the instruction
and more likely to be good preparation for later courses. Perhaps research and development

in the science content*areas might help to return some of the-attention of both instruction
and testing to the subject matter of the.sciences. (See Chapter 15) —

\

It is noteworthy that we have not been able tp provide standardized testing instruments
which are focused enough to note when a teacher has spent an extra two weeks on a topic, but
not so narrow as the present lesson-specific criterion referenced tests. There are many
problems with testing, and developing maxe tests may add to the burden of instruction and the
risk of further imbalance to educational opportunity, but the present negligence of testing
for subject matter sophistication seems to call for, reserach attention.

; .

SNe

' Research on Use of Science Instruction for Socialization. The uses teachers made of
science subject-matter and instructional materials for socialization, that is, the incul-
cation of values as described in Chapter 16, were subtle and pervasive afid often perplexing.
It appeared to some to be a means-ends reversal, at least to those of Ghe rational world of
science, where scientific inquiry can stand as an end in itself. However, from the point
of view of sociqlogy and anthropology, educational institutions‘function,prEZ?ily in the
transmission and preservation of societal values. Thus the context of the general educational
programs, including ritualistic activities, served primarily to establish the attitudes and

habits of behavior in youth which become the admission passes to membership in adult society.

In a technological age, when vocational training becomes more and more specialized, there
is a possibility that general education in scientific knowledge may function more and more as
a behavioral badge of eligibility for employment, further educational opportunity, and varisous
privileges of the society. The strong suggestion in Chapter 16 that teachers recognized this
function and wanted help in adapting newer instructional materials to these ende needs further
study."lf such socializing functions bﬁh@k the effective adoption of educational innovations,
as_they appearqgvin this study to do,, they need to be more thoroughly understood than they
ark now. N ; \

P )

dokk

This section obviously did not outline a major educational research program. We of the
CSSE staff know that there ,are many fascinating problems to be explored, and we feel that a
society that does not pursde its, grand doubts and curiosities can have little hope of coping
with its 'immediate problems, but we did not agree on the value of further basic research in
education. A%.it was, our responsibility in this project was not to plan "the" major works.
Our attention was directed to the present status of science teaching and learning, with par-
ticular concern for those needs that rather immediately deserve programmatic support from the
National Science Foundation. We were not well acquainted with prospective NSF action so our
recommendations will inot serve that aim as well as perhaps they sheuld. The four areas of
applied research mentioned above are;~we_believe, the most relevant and worthy of exploration.

‘ e/
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SCIENCE EDUCATION STRENGTHS, PROBLEMS, AND NON-PROBLEMS

In the foregoing sections of the Executive Summary we have summarized bur findings and
commented as to how we saw them relating to National Science Foundation programming for pre-
college education. Although we benefited from conversations with staff members of the Found-
ation we feel that we do not have sufficient information about courses of action and merits
and costs thereof to justify making recommendations. What we do in the following section is'
to identify what we saw to be strengths that need to be protected, problems that need atten-
tion, and problems often identified which we feel do not merit NS rogramming.attention.

In preparing this list we went well beyond the findings of this case study project to include
other experience we have had as researchers and teachers, along with findings from various
other research studied,

STRENGTHS

-
v

The most substantial STRENGTHS we have seen in science programs in the schools are the
following. It is believed by the staff of the CSSE projec hat NSF planning should give
priority to programs which would sustain and protect these rengths. “

. /’

1. The large responsibility given the individual teacher to decide what will be taught
and how it will be taught. Many teachers do not have as much leeway as they would like but
other teachers want more of the choices to be determined by the district or state. It is
possible that an adjustment could improve things. But the reliance on the individual teacher
to make the critical decisions'as to what science education will be is compatible with both
the workings of science and the requirement of personal responsibility for decisions in a
democratic society. '

2. The respect shown our faculties of science and mathegatics by the general public.
A lesser respect, but still substantial regard, is shown for the teachers of social studies
in the high school and for elementary school teachers. The militancy of teacher organizations
in some places might erode the respect for teachers collectively. The regard shown individ-
ual teachers continues to be a strong basis for maintaining and improving school -programs.

3. The sincere regard teachers have for the well-being of students, both personally
and academically. The teachers have somewhat less concera for parents and taxpayers gener-
allyy but still, as’ a group, have a high sense of social responsibility. Neither child nor
adult always appreciates the concern; sometimes the benevolence is greatly disguised; but .,
by and large the eppathy is there. Paradoxically, a teacher's efforts in the direction of
personal development for students is often little appreciated by subject matter expeth}and
parents, and least of all by the”students themselves.

4, The/NS?/institutes for inservice training. These institutes provide one of the best
opportunities avai e anywhere for upgrading the scholarly understandings and.to some extent
the professional skiliﬁ of scienceand-math teachers. They.pré not entirely suitable for
teachers who are struggling with their classroom teaching responsibilities, but are valuable
in refreshing the knowledge base féy teaching and establishing networks of teachers to tackle
common problems.

5. The complex and sophisticated epistemolégy,dé@eloped by the modern youngster. While
much of the knowledge a child has may itself be simplistic, the intuitive understanding of
knowledge is formidable. They understand that "truth" changes and that we are never going to
reach a full and satisfactory explanation of many phenomena, téat from different points of
view you arrive at different conclusions, that truth will be used selectively to further
one's beliefs,l. They are quesgioning authority. They are more tentative than children of
most cyltures and than childrén previously in this culture, but are not immobilized by their
skepticism.
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6. The material and episodic learning resources of a scientific nature. The array of ¢
materdials avajilable to American schools for teaching science is vast, though cost or regu-
lation may limit the choice terribly. The opportunity for most children to encounter scierice

on television, in miuseums, during travels, etc. i§<:§?ense. )

7. The math wars are over. The contentiousness of the new-curriculum advocates and
the traditionalists has large%y disappeared from the schools. Scientists are less frequently
portrayed now as .'mad bombers",and technicians as¥'poMuteses' In most places there has
been a mellowing of, faculty attitude toward-science an technology. The attitude is, as ,
Kenneth Komoski” of FPIE put it, to move "forward to the basics." The preference now of the
magg of elementary teachers is for teaching science as part of reading and fe&ding as part
of s®ience, but the time is propftigus forgreconsideration of claims as.to what are the
primary ideas and studen;/compet f ence ghat the 1s should emphWsize.

-

PROBLEMS

Next are what we of the CSSE project saw to be the most serious problems in science
teaching and learning in the Américan schools. These are problems that are part of larger ..
problems, unlikely to be "solvable" by anything NSF might do--but contributions ¥o solutions,-
or even ameliorations, are believed to be within the capability of NSF programing. Note..
again that these observations are not drawn from our GSSE expertence alone.

1. The proportion of school funding spent for instructipn is diminishing at a distres-
sing rate. District budgets, show largest increases for teacher salaries; this is true but
misleading. More and more administrative costs, SUSQ as those associated with\enrollments,
planning, program Jdevelapmen evaluation, and coordination are being listed as instrpetional
costs--but contributing very little to the teaching and learning. Much of %he inc;e!ﬁv

‘expenditure sis at the federal and state level, but the distridts and even individual #€RKools

have allocated more goney when they coulss£0 the administrative costs of instructional sys-
tems and less to actual instruction. Additional time for administragive duties is required
of teachers (testing, discipline). Costed out f instruction,, even considering ris}ng

v

teacher salaries, the funding for teaching is diminishing proportionately{ AR 4
P

’ , .

2. There is a diminished concern fot scientific ideas, such as Newton's laws and homeo-

stasis, as central to instruction in science. Replacing the emphasis.on f@indamental-rela-

tionships are: topics of a scientific or technoldBical aspect, such“as envirbngﬁntal pollu-

tion, animal behavior, and space exploration. Kut even those are giving way td emphasis on

fundamental learning skills, such as reading, ariti‘btic,'and spellipg. In spite of the

f%ct that there is little evidence that these fundamental skills should be (or even can be)

mastered before substantial time is taken to develop an acquaintance with the basic ideas-

of science, the pressure in the schools is to set the ideas aside for a later time that fer

most students never will come. . d’ . v

3. Thwe-pedagogical support for teachers is poor in melevance and small inkg&antity.

Though they do not ¢tomplain much, teachers-have few resources for assistance in feachipg
difficult subject matter or in teachipg children who have trouble legrning. The pregent )
response 1s to have teachers teach them something simpler. The assistance in in-service
sessiofis after school Yends to be acquainting teachers with new regulations and gew opportun-
it#es--which are imp rtant? but not useful for the difficult pedagogical probléﬁs. Yore
experienced teachers 4re heélpful, but help is persnﬂhl and on a "favor! basis. College cpurses
and special institutes help a teacher with new conceptualizations, but not jauch with old
problems. , e ) ",f)m -
*

. .

~

4. Opportunities to learn science out-of-school are not sﬁfficieatly supported by,
teaching in the schools. Many teachers, for example; do have children watch National Geo- .
graphic television shows, purchase hand calculators, and visit locgl industries, -but many do

Jhot. There is little official rpward.to the teacher who engourages youngsterslto incorporate

Jdnto their formal education learnings from the ri®h envirofiment around.

4 .
‘
S
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5. The emphasis throughout the school program, from kindergarten through the twelfth
grade is on preparation, not on utilization. Almost everything is learned because it is to
be useful somewhere else, When the student gets sometimes to a point where specific learning 4
was supposed to be useful, the next teacher complains that it was not learned well enough.
The opportunities for utilizing one's '"preparation" are too infrequently built into the
curriculum--so that the child gets all too little experience in school as a user of organized
knowledge.

6. The schools are no longer providing a spokesman for science. It used to be that
the superintendent was a man of learning, a professor, a voice for the importance of knowing
why things are what they are. Now, though just as intelligent, the superintendent is a
specialist in management of a complex institutions an expert in community relations, and a
liaison with federal and state agencies. The curriculum coordinator is doing important things
but not speaking‘out about the 1importance of science.

-

NON-PROBLEMS . . *

There 1s an additional list of problems to be considered, a happier list--for these are
problems that get substantial attention but more than is justified. In other words, the fol-
lowing problems have not been seen to be as serious by us of the CSSE staff as they have been
by many people in many places. We do feel that anything that is seen by large numbers of
people as problematic deserves attention--but it may be more in the matter of helping the
concerned people to see the condition as perhaps more tolerable than they have been seeifig
it,

1. Among teachers and among citizens there are great differences in perception of the
objectives of our schools. Our farmal statements of purpose are overly general so that no
one will disagree ot are overly specific so that each bit appears to be small and not likely
to take up too much time. A healthy society needs no agreement as to what the schools should
do. In fact diverse and even contradictery purposes can be (and regularly are) simultaneously
pursued. Agreement as to purpose does nqQt serve as a prerequisite for successful instruc-

tion--if it did_we would never have successful instruction.

» 2. The quality of reading and other pasic" performances of students is too low. The
fact is that we are not a literate people, not as 1t seems the Japanese or Swedish are’ e )
Perhaps we need to accept ourselves more as what we are rather than as what some of us would \\d/,u
like us to,be. Of course we should aspire to improvements in reading, but we should also .
realize that totalitarianism is based on trying to make people what they are not. These

. children are not the possessiofs of the schools nor of the government. Even if we knew how

to we would not have the right. to make all of them ''good readers. Parent aspirations and
student aspirations should of course be horored, their sincerity in wanting strong backgrounds
in basic skills should be respected, but they should not be encouraged to think that without
such skills a youngster will not "survive" or thatsstudents are better off doing nothing but
skill womk early in a program. They should not be .encouraged to think that failure of the
political-economic system to provide jobs 1s something the schools can alleviate by better
reading instruction. Skills that show up on tests are important, but not as important as
they are now believed to be. The important thing is to educate young people, not to impose .
minimal standards for diverse persons in diverse circumstances; to give youngsters the edu-
cational opportunities they want, their parents want for them and that fit with traditional
ideas of what an education is--and to resist-'the revigion of programs to fit the technology

a problem, but not as great a problem as the nation thinks.
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3. There 1s little grticulation regarding instruction across classrooms within a Hr;id_
ing, across buildings, and across levels of instruction, from elementary to high school.
But there are very few subject matters for which ‘the teaching actually depends on a high
degree of articulation. Science education and even a great deal of mathematics education
depend on personal expérience and associative meanings. The curriculum which does not de-
velop these individual comprehens1ons’gs mechanistic and in danger bf_being sterile.
Sequencing of lessons is important. It depends now on use of syllabi, textbooks and tests.
Additional articulation is seldom needed. It‘really does not help very much to know in
detail what other teachers are doing or what later teachers are guing to be doing.

-

- ~ t
4. Science and the social sciences are seldom being taught in an interdisciplinary
fashion. Perhaps they are too hard to teach that wzz To a person uﬁiiis "up—to-date' in

several of the disciplines the absence of an interdfsciplinary approaciilis dismaying, %or
so many good learning opportunities are missed with the present approach, and the likeli-
hood of missing more by having teachers teach’ what they are unaccustomed toggeaching or
hostile to teaching is high. It is apparent that human beings ate amazingly able to tie
together things from different conceptual reaims across distant experiences. We could do
much better in our instruction than we do, but over-attention to disciplinary boundaries
is just not a major problem. ~

h i

5. The level of work in our schools is highly degéndent on competition. Winning is
. Just as important for many teachers as it is for athlegic coaches. Course marks (grades)
are greatlysover-emphasized. Competition succeeds in getting more ground covered and keeping
youngsters more alert than they would be otherwise. But the cost is one of subordinating
the learning to an outside motivation, one which is often unavailablge for out-of-school
learning. The problem however, is a cultural problem, not one that the school now knows
how to do much about. N

5

¢
*

"6. ‘There is a diminishing-regard for adthority. This has direct relevance for the
learning of science, as well as indirectl  Not only are students as a whole less willing to
do their assignmfnts, but they are less lihg to believe that their assignments are worth
doing. They have been well taught that ientific learning is fluid, ever-changing, and ~
they are not very willing to memorize somdthing that sooner or later is going to be outdated.
This is a mature response, one fostered by\a number of the curricular reform projects fifteen
years ago. It is disappointing when we see generalized tb a devaluation of all learning
and a disregard for the learning opportunity of others. Of course, a student will study
thrings of interest to him and his classmates regardless of how authoritative its aura.

«

. . - . [T R ]
' These "strengths, problems and non-problehs” summarize ouf speculative ruminations
* after some eighteen months of work on the Case Studies in Science Education. We believe
they may be useful for NSF program planning but of course urge more careful attention to
the project findings SﬁﬁyZd earlier. v v

P4
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SAMPLE PAGES FROM CASE STUDIES '

Readérs of the Executive Summary will find frequent citation of pages in the case studjes.
The following sample pages are provided for those readers who do not have access to the eleven
case studies. The sample pages are intended to give readers a sample of the several writing
styles of the aulhors and examples of treatment of certain key issues, .

The authors were experience& regsearchers, educational evaluators and ethnographers. As
our field observers, they were encouraged to approach the site in their own way, to select >
what to observe and whom to interview, to use their own methods and writing styles. As a
result, the narratives they have produced represent a broad range within the general rubric
of case study research. The studies read like short stories, novelettes, essays, summary
reports, or ethnographiesgs Some are laden with raw data, judgmental interpret@tions, vignettes,
and exerpts from observer®' field notes. One gives more stress to reporting or analysis,
another lets the people at the site speak for themselves. The sample pages are intended to
invite the reader to get and read each case study in its entirety.

These sample pages illustrate several of the most important issues raised in the case
studies. The work of the study was originally structured by the science teaching-and-learning
questians raised in the RFP and by primary science education issues found in the literature
and the field. From these "foreshadowed problems" emerged the general issues of the study.
Each field observer raised issues relevant to the site. The process of focusing on these
emerging issues and validating them with site visitations gave emphasis to problems both
unique to the site and universal to the study. What was important in one case was validated,
subsumed, diminished or absent in another. The within-site variation of issues often over-
whelmed the between-site aggregation of issues. The sample pages give a flavor of the-kinds
of issues that emerged as relevagt to science, math, and social sciences in each case--open
space, excellence, grouping, preparation, articulation, alternatives, back to basics, socia-
lization, testing, disrgifive behavior, school finances, teasgher militance, desegration.
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‘ CSSE Case Study I
SOME STILL DO: RIVER ACRES, TEXAS
by Terry Denny

N .

An elementary school teacher who was trying to cover fifty years in a coffee
break told me the thlng I

had to learn most about our schools is that change comes very
sZowa to RIVER ACRES. We had it good and knew it before all this
started to happen. The old time Houston farmer made sure there were
twelve good years of public school for his kids. Those who couldn't
cut it didn't deserve to. They have always had a gbéod college-bound
curriculum. Then they sent their children to the best schools to

“ \ get away from the dust, the oil and the cattle. That won't do any-
. more. Some may yearn for 2t but it just won't do. Ll kids need to .
get their chance. N 5

The Administration of RIVER f¥RES sees architectural change as providing -
opportunity for more children "to get their chance." But open-space education,
now a few years old in RIVER ACRES, came from the "top down" and is embraced by
few of the junior high and nearly none of the senior hlgh schootﬁ?@culty

-

In the RIVER ACRES school district I fourd-an easy-going administrative” g
style that accompanied the helter-skelter day-to-day pxoblems of rampant growth.
The ‘citizens’ by their absence at school board meetings are saying 'things are all
right." Simultaneously a group within the di#trlct is working toward municipal
secession from the district, a maneuver encouraged by Texas law. ' The easy-going
adwinistrative style masks an informed concern’ They are aware of what is going
on behind the scenes. One parent said the superintendent had more news sources
than Deep Throat. ’ )

N

~ i
One -of the gtorms that reccurs regularly for the administration is the
practice of grouping. Hoy many levels; what criteria to use; and what are its
effects? The conventional representations are made. There age calls for more
instructional levels, for as many as seven in each grade in each subject. There
"is a top administrator who wants fewer instructional levels, "two would be about
right." -

P H

. AN

Others feel _the administratiop is caught in a respons1ve rather ‘than a leader-
ship mode. They "assett thag the pace of change in RIVER ACRES is more than it can
handle. '"Who could handle it?" I asked "A young, sensitive Texan who could make
us proud of what we are--and who ate hurricanes for breakfast "

N -~

~

. / |
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19:34 CSSE Case Study II .
. . TEACHING AND, SCIENCE EDUCATION'
| . : : IN FALL RIVER by Mary Lee Smith .

about professional matters, how to improve their teaching or their subject matter kno;—
ledge, or of ever ("God forbid") ascending to an administrative position. There is that
same feeling of regularity and sameness, as if the lounge patterns were laid down years ago.
It's a comfortable, friendly place for those who fall into the patterns. Not all the teach-
ers do. Some deliberately\avoid the lounge and don't share the interests and values of :
! those who abide there, If a department has a headquarters, there is opportunity for other ’

| * sub-groups to form and pursue their interests., One of these is the math-science room,
|
|

crowded with desks, supplies, and equipment. The teachers use the quiet to study, prepare
for their courses, and exchange ideas and feelings about teaching.

. ' .
| - < ¢
| The academic life at the high school (speaking only for science, math, and social
| studies) appears to be confined to the classroom. Even there, academic business is in al-
most constant danger of being overwhelmed by the student society. What takes place in the
| clasdroom is the province of the individual teacher. The building administrators occasion- |
| ally observe and evaluate, but teachers rarely intrude on one another. If a teacher choos-
| és to lecture, run discussion groups, or confine himself to showing films, an unwritten
; rule seems to hold that others will say nothing about it. Curriculum--the coverage of a
| single course or the relationships among courses--is discussed and agreed upon in informal
‘ department meetings. Incursion into this system by central administrators or committees
- ts likely to be resented, sabotaged, or passively "waited out." ,
T . . 4
| The students appear to accept the primacy and authority of the teacher, for the hour
they sit there. There 1s rarely an outburst in class; onesnever sees the student flouting
the authority of the teacher. Truancy is the only gerious discipline problem in the
tchool. Classroom problems that exist are problems of acquiescence and passive non-involve-
ment. Many teachers express concern about conducting discussions. It 1s difficult for \\\\‘}

\

the observer to pick out the best students in any class. They are -as quiet as the others.
They don't seem to provide that spark that can help a teacher strike a lively pace and

maintain a taut intellectual tone, \

\\\\\ The academic life in a classroom is maintained only so long as student attention is
direxted at some specific activity--a lecture or problem to be done on the spot. When this
conditjon 1s not met (e.g., whén class time is made available for student study), students P
relax a once,.attentlon is directed immediately to each other. Social processes are so
Work can always be postponed until those lone- ’
€lass there are more important tﬁings on students' minds®*than book- ‘

i

(Observation of an advanced seience class.] The teacher had assured me that
he would start a new unit today, but the students had performed poorly on
the unit test and he had agreed to review and retest them. During the re- »
view the students quietly and diligently took notes. Then he asked' for . ‘ .
individual students to approach him wi#h problems while the others reviewed
their tests. Immediately what had just baemone class broke into sev-
. eral conversation groups. The noise increased. One student went back
to the lab to perform an experiment he had missed. The banter \3tart- -«
ed with usual game of "wha'ja get?" but talk about science was joon re- . ) - .
. placed with talk of girls, dates, cars, the latest track meet, the injuries
. Suffered in Friday's game. Although the teacher tried to bring the class
back to science, the hour was lost. Twa girls from the hall opened the
door and beckongd to a boy to leave clase early. Several students sat

» staring, waiting for’the hour to be over. r .
g . ‘ ' .
8§ s
- ) . " . C4
» . The High School Science Program ,
’\) ~ The high school science program consists of eighteen courses. Despite lenient grad- .

[: l(:Lon requirements, enrollments are high The courses are staffed with an impressive
o o . < -
. 45 : . [N

4
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' . CSSE Case Study 111
. “ u SCIENCE EDUCATION IN THE ALTE
/ A" 7ISCHOOLS by Lou Smith

Yo ) . -
Among the report's conclusions, two bear upon the issues of
curriculum. - J/
\

Elementary social studies continues to be an area in
which we find the least agreement on what we should®be
doing and the most difficulty in fully implementing.’
14 .
In general, however, the record of what is being done
is dramatically improved over last year's assessment.
‘"Then, recommended programs could be found in about one-
third of the classrooms in the district. Now, at least
one of the-recommended programs can be found in three
out of every four classrooms. Of courSe, how well they
are_being used is a judgment the principal must make.
And it cannot be denied that some teachers may be doing
an excellent job with other than the recommended pro-
grams. .It would seem, however, that almost every teacher
needs a good set of materials from which to start social
studies instruction and it also seems that she should
feel free to take-.off from these materials whenever
. appropriate.
Careful reading of those paragraphs suggests a number of
but implicit aspects-of curriculum in Alte.

[

pqgent

The formal curriculum at the elemgntary school illustrates
vividly one of the mosthcentral problems in a theory of education

as a theory of action--dilemmas, trade offs, and decisions. In
.this instance, one might draw extreme cases of a prescribed cur-
‘riculum foxr all schools and classes in scienc®, math, and social
science on the ope hand, and a curriculug_;otally left to each
individual teacher on the other hand.!® * In between steps on such

a continuum. might be the introduction of some commonality within ¢ach
individual building, which does dccur pwesently in Alte. Another
variation between the extremes is to provide a prescription, as is -
also now in place in Alte, that half of the math time is IPI and
half the science time is ESS. .

The logic of the alternatives seems to be an accent on

¢ \;potivation, creativity, and interest on t?ﬁiﬁpe hand; and orderly,

¢

organized, and sequenced teaching and lea ng on the other hand.
‘At its best, one is back with the former to the"project" and
"ctivity" curriculums of Kilpatrick and perhaps Bruner. With the
latter, at its best, one is back to Herbert and perhaps more
recently to Ausubel. Complex aptitudeytreatment interactions exist
at the teacher level: that is ,who.can do what with each orientation.

’ >
.
-

»

i >
—

-

"

"\;“An even more extreme possibility would be to have the curriculdm

determined-by, the children.
(Smith and Keith
direction.

T -w

See Anatomy of Educational Innovatign
1971%) for an account of attempts in this i

-

; 46 )
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) * CSSE Case Study IV
% ' SCHOOLING AT BRT:.A RURAL CASE
? “ STUDY by Alan Peshkin

tha' .rten. You know you're never going to get a whole class at the same time asking a lot
of questidns, not feeling this inhibition about 'she's a teacher, I can't ask a question,'
but just interested in learning for the sake of learning and not because of next week's
test. That may be too much to expect. Still, vou have students who maybe go do something
in sclence, who do wéll and enjoy it, and you have the feeling that you had something to do
with that. Those are the longer term kicks. From day to day, the labs are mpore enjoyable
than classroom work. I think the kids get more out of them. I thzdk~1 like most inter-
acting with the individual kid. There's students who'll tell you fn class they don't know,

;hen thev do know the answer. In lab, they'll talk to you.
4~

“

>
"All in @ll, this is a good place to teach. Basically I feel I can be the kind of
teacher I want to be. I don't really feel pressured from any direction. There's no PTA.
The school board is generous. I ‘haven't asked for big things, so maybe it'sﬁbeen easy for
them to agree to mv requests. I don't know of any comment they've ever made about my
teaching. And it's the same with the churches. Some places have had controversies over
sex education. We teach it im health, and in biology when I go-over the reproductive svstem
I discuss contraceontion and venereal disease. We feel it's necessary for kids to know these
things. We give it simplv on an information basis. Most of the parents prefer that the
kids get ¢f here because a lot of them don't know much of this stuff. As long as you don't
get into the moral aspect. The onlv time any of that came up was on the idea of abortion
and I dori't believe in it either. That's what I told the class, but at the same time it's
there, it's available, and voy should know what it is. Beyond that, you make the decision
¢

based on your family and vour religious beliefs.
1)

"Evolution has never come up as an issue. I don't know. My personal view is probably
close to safe because I don't see any divergence between the theory of evolution and-‘a
religious viewpoint. I suppose I'm not really radical. Maybe that's the reason I haven't
had any feedback. If ]I were an athelst, I suppose that might present a problem. And the
students don't make it a problematic discussion either. Never had anyone do that. Here
again, our students are pretty much of one’mind. They're pretty closed in the ideas they
have. I've hardly had any feedback from the community.”

+

v

High School Science Classes

Chemistry I ’

Mrs. N. shows a girl how to get the area of a rectangle:

(10.0 cm) (15.0 cm) = 150 cmz. . ’ co
5:> Do we have to do fhe‘problem that way? [ghe asks, Iefbrréng to the paren-
‘theges and the units]. .

Yes. And don't forget that you get squared centimeters. What about the
significant digits? [She and the class count up the number of significant
digits on both sides of the equal gign® Mrs. N. emphasizing they must place
a line over the zero in the amswer. She reminds the class several times
about significant numbers. She reinforces certaip procedures, trying to

L

0

SIn this and all other classroom scenes, ﬁ is student and T’ is teacher.
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' SE €ase Study V .
SCIENCE EDUCATION IN URBANVILLE:

f A CASE STUDY by Wayne Welsh

. crosses your face as you watch their unbounded enthusiasm and curiosity. Sometimes this
energy competes against the rules and order desired by the teachers.

. ~~

Elementary teachers seemed happier in their job than did their secondary counterparts,
~~ There were-more smiles and fewep complaints in the teachers' lounge. The battle lines be-
tween students and teachers a(?y;ot so clearly drawn and learning seems more of a joy than

a conflict. ’

Rééﬂing and language arts dominate the curriculum, even at the upper levels. Mathe-
‘matics is a distant second but it is considerably ahead of anything else. Principals rank
the relative emphasis at. the elementary level this way: :

Reading

Mathematics

Social studiés

Physical education

Health/science

Music ’
Art

~NOY W N —
c e e e e e

R A reported schedule of a sixth grade teacher also illustrates the situation.
- v ‘
9:00 < 10:00 Language arts
10:00 - 10:10 Recess
\ 10:10-- 11:00 Math

. ) 4 11:00 - 11:40 Social studies ,
. ‘ 11:40 - ¥2:30 Lunch-recess .
12:30 - 12:45 Spelling .
12:45 - 1:20 Language arts or math again, dkpending on
1:20 - 1:30 Recess problems

1:30 - 2:30 P.E., science, art, music, health

This schedule, or one like it, is typical of all the elementary schools. Science
competes with art, music, health (sometimes considered science by teachers), P.E., and what-
ever else may impinge on the end of a school day, e.g., parent conferences scheduled for °
two weeKs. And science is losing the battle. It receives very little at&ention. N

The curriculum guide for the district, which is seldom used by teachers, recommends
about ninety minutes a day for language arts (including reading), about forty minutes per
day for math, and thirty each for science and social étudies.i,Other subjects are regommended’
lesser amounts. Greater influences on teacher decisions are principal pressure, or encourage-
ment, and current district priorities. The latter currently are on such things as minimum *
competencies in reading and math, desegregation, accountability, and public relations in the
community.. Science 'and social studies are being largely ignored.

Probably the mogt important observation for the purposes of this study at the elemen- *
tary f@vel_lg_;ﬁg,aﬁle amount of science that is being taught. Only an occasional teacher R
or principal who is interested in the area generates interest that may spread throughout the--

building. Ogherwise, one is most likely not 'to see any sciehce at the elementary level. °
M : - ) : -
" . . s . r - . &
Social studies is given more attention, but even this is diminishing as. the move for
competency (with its increased time requirements) and other demands grow. Teachers seem to
be willing to teach social studies more than scidnce, but less and less time is available.

-

[}
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. K CQSE Case Study VI
CASE STUDIES IN SCIENCE EDUCATION:
PINE CITY by Rob Nalker

B ‘e
In one community every curriculum decision. had its ties with desegregation:

In the eyes of everyone in Pecan County integration is the key issue,
perhaps particularfy in the schools, but much of what is fogused on educatlon

pervades the community as a whole.
¢

For those ‘pressing more directly for integration there are still signifiqént
barriers ahead. The banks, med1c1ne, pharmacy’and the law are still exclusively
whige as are most pubflg offites. Yet there is a feeling amongst those in leader-
ship positions in the school systém that it is only a matter of time before these
areas too become 1ntegrated ‘

AY

This mood of optimism, almost of crusade, seems to be what holds the school’
system together. Paradoxically even those teachers who do not share the conviction
for integration seem c¢ ied along by it, almost despite themselves. I found it
quite common for whitquiachers, who geemed to have no hint of prejudice in school,
te return to the conven?%onal tacial prejudices and stereotypes out of school,-
albeit in a muted anq oblique form.

I3

I confessed to o Hlapk girl that I didn't know how to react when teachers,
who in school seemed fntent on making.integration work, out of school expressed
prejudice. Should I admire their professionalism or cgndemn their hypocrisy?

She admitted it was often confusing fgr biack students:
&

There are teachers who will, be real nice to you in school, but then

vou'll meet them in town wa7ktng along the street, and because they

have their wives or their husbands with them, they'll just act like

they don't know you.

Of course teachers often genuinely fail to recognize their students out of context.
This girl merely reports her feelings in ﬁbe*s%tuationz L

The superintendent is seen by most people as being in,a key position on the
integratipn issue. . . . In steerlng his way thrgugh the rocks and shoals of
public concern and established attitudes he has had to develop a sensitivity for
situations not unlike that previously cultivated by blacks. The anecdote that
best captures this concerns the mural painted on the Primary School under the
direction of (an) artist-in-residence. It just happened, she explained; that the
black chiLdren wanted tor paint people, while the white children wanted to paint
houses, buses, trees and flowers. The result was a colorful landscape peopled
by black figures. The mural is in a prominent position readily visible to visitars
to the schools and the school board office, and as it neared complétion the super-
intendent walked across from his office to take a look. 'Very colorful, " was his
pointed comment. If you look now you can see that there are some white faces too,
roughly in the proportion they are in the schools (but tirey still have brown bOdlCS)

To the outside:visitor it begins to look llke a success story. The schools
seem to be working smoothly and integration appears to be accepted, even those .
don't like it seem prepared to accept that the process is irreversible

.‘EKC o
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CSSE Case Study VII
THE STATUS OF SCIENCE, MATHEMATICS,
-~ - AND SOCIAL SCIENCE IN WESTERN
) CITY, USA by R. Serrano

the students went right to work.. (Cther students worked on puzzles gnd
similar tyre games. All dtmng the soz?me session ‘a variety of behaviors -
8

were noted, "but my overall ipmression W¥s that the students were inter- ¥
ested and appeared to be hading fun (Field Notes, 1977).

In this school where the S-APA program is used the most "extensively," they also have
the problems of time allocation the various curricular offerings. The reading program,
the multicultural components of the early childhood program, and the numerous interruptions
due to testing evidently do not interfere with the inclusion of elementary science at this
one school. The schdol populations are slightly different but the time schedules are
basically the same. It would seem, then, that other schools should be able to folﬁRw this

. lead. . ) N

—

Mathematics and Soc%al Scfence

N -

Hathematics at the elementary level varies from school to school. Some schools use
packaged programs such as-the C.D.A. (Curriculum Development Associates), while others rely

. primarily on work problems on dittoed sheets. A large number of teachers prefer to "scram-

ble and choose" those materials they think would be most beneficial for their students. As
a consequence, unless the teacher has a few years of experience, a good amount of time is
spent hunting for appropriate materials for the students,

From the state level, testiné is required of all srudenCs. In some.cases testing of

the students 1is performed. twg and three times a year, particularly at the fourth, fifth,
and sixth grade level, and @his agaln is very time consuming:

The students hawg'to bé prepared before the test, weZZ in advance. Nore
of the schools want to come “out with low sceres. Low scores would mean
that we have not been, do"‘ng our. Job’ (Teacher's Comment, 1977) .
L2 I LAt
The pressure for.high scor% \ pment i real in the W.C.S.D. The schnols in our sample
reflected this pressure; yet re was4little,. if anything, the teachers could do to elim-
inate thig undue pressure for‘hi&gsr schks that would indiqgte high achievement in mathe-

. -

’ matics A

. v . .
: .

Yet achievement is éit high; at least, ‘not consistently so, Of the three main ethnq
groups in the W.C.$.D., ‘the Chica re the ethnic group that exemplifies the loss of math-
ematics achievement. By the .end gggige stxth grade, the Chicano group 1is readipg almost
two years behind grade level and is qgeg;ane year behind grade level in mathematics.

Whether this is due primarily tg langlage d(fficulty‘is not known, but there is some evi-
dence that indicates part of the problem- »

- : Fy
. . . Just arrived from Mexico: We have him sit over there because no one
can understand him. He hasn't learndd to speak English yet. When he gets to
the point where he can understand English, we will start him on math and

some of the other areas . .+: (Teacher's Comment, 1977). s

\
A\

While variation exists from school to school in matheqatlﬂé’instruction, the situation
for "social studies,is even more pronounced. In social studies there appears to be no com~
monality of subject matter content utilized in any of the schools. The materials uded vary
with every teacher. When asked about this particular area, most teachers responded that
this is one area that is dealt with only tangentially. They are not concerned with this

area of science per se because their~concern is more with reading, writing, spelling, arith-
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) SCHOOL WITHOUT SCHOOLS: COLUMBUS,
. ' OHIO'S EDUCATTONAL RESPONSE TO
' THE ENERGY CRISIS OF 1977

instryction, using the newspaper school supplement (Classroom Extra), contacting teachers

by telephone, and going on field trips. Elementary teachers found their small group con-

tacts to be quite productive. Teachers working with small groups of children in places

outside the school diStovered they were becoming better acquainted with fheir children and

were teaching more material than would have been possible in the regular classroom. This

was S0 because of the small groups of students teachers had formed. This was much different
from the large group instructionquat engaged in during the regular program. _Some said . (,,V/
their small group contacts were mqre successful than their one day in school contact. One

. first grade teacher found that two children who she thought were possible retentions had
made so much progress during School Without Schools as a result of smdll group work and

parental help that they would probably not be retained this year. >

Transporting one's own materials or borrowing those in a host school were a particular
problem that the elementary teachers faced during School Without Schools. One teacher sgaid
she had to haul three boxes of materials into the school just to teach reading, spelling,
and math. Organizing for the one day in school and organizing all the material for the out-
of-school assignments was found by many elementary school teachers to be a formidable task.

Subject areas being emphasized by classroom teachers at the elementary level during
School Without Schools were reading, spelling, and mathematics. Teachers reported that
they had been requested by central administrators to concentrate on these basic skill areas.
Some history and social studies topics were being taught, but there was very little atten-
tion given to science. N . .

The science curriculum, especially at the elementary level, was“revealed to be weak
in both the School Without Schools Program and the regular school program. Science is a “\
* little-taught subject by many teachers at the elementary-level.

~ .

o~

Those at the elementary level who did teach science mainly followed a textbook. A
second grade teacher said she had attended grade level science workshops for Columbus
teachers and had been given all the science supplies she needed. She said all teachers had
the opportunity to attend these workshops. The obvious inference was that teachers could
get assistance to teach scierce; byt that for whatever reasons, they resisted and did ot
use such assistance. Reasons given for not teaching science in the regular or School th-
out Schools Programs at the elementqsy level were: dislike of the textbook, dislike of a
textbook approach, lack of equipment, lack of knowledge to teach science, lack of time,. 7
the need to share #€xtbooks, and the fact that science was graded every other six weeks.
The generality of these reasons cannot be judged, but it is suggested that they could be
pursued as hypogheses concerning why there seems to be so little science being taught in
the elementary &rades of the Columbus P!blic Schools. Other than science-related field
trips, few teachers planned science lgssons for their classes. One teacher took her class
to her home to learn how to care for and feed horses. other teacher related that she had
had the children play a science game p:‘;erned after a Columbus television program called
"In the Know,'" in which students from schools compete by demonstrating their knowledge '
of various topics, This teacher's questions for her "In the Know" game were based on an
"out of school" science assignment. ~ N

* ~_ a \>*p . > S
b = .

-‘he use of field t s was highly variable both in terms of teachers' employment of *
them and in terms of the purposes for which they werte used. Reasons given by teachers for
taking field trips were: to supplement a social studies or science lesson that had been
taught before school closed, ‘to extend science concepts, to enrich chfldren's experiences,

. and to serve as motivation for discussion when school resumed. For example, one sixth ¢
grade teacher with a predominantly black class did not meet with her children for instr&efion
outside schoolf but she did take small groups of students to the Center of Science and In-
dustry, the Oh}¢ State School for the Blind, the Black Cultural Center, the Lincoln LeVeque

Tower, and the TGI Friday, a mod restaurant in Columbus, for enrichment experiences. Some

o
» . »
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. CSSE Case Study IX
SCIENCE IN THE SCHOOLS OF AN

% : EASTERN MIDDLE SEABOARD CITY

by Jacquetta Hill- Burnett

He's n!& a bad boy, and his family does care. I think the three of them just got
into something. . .Anyway, I told him I was sorry it had happened, too, and I
was glad about the apology; but I could only accept it if he offered in front of
the whole class, because in a way he had insulted them, too. So he did do that

. and I gladly accepted the apology. It is 8o hard, though! They aren't bad .
N children. .
In the junior high schools the salient issue was "mainstreaming": not so much random mix~

ing of abilities, but the mainstreaming of youngsters with behavioral,problems, "juvenile
delinquents" as they were sometimes referred to. This was no small concern. . Children
were being returned to the schoolsg, and to the same classro » by the court. A federal
court decree assured these children the right to re-enter those classrooms. Following
this legal mandate of the courts, the teachers of one of the junior high schools submitted
a petition to the teachers' union to initiate a "class action suit” on their behalf.

’
The stress ran deep. Oxe day I entered the teachers' lounge with Ms. Odom during her
,n . free period. I saw an older man with close-cropped hair sitting at the end of the table

nervously smoking a cigarette. He held his head with one hand, stroking back across his
hair from time to time as if to relieve it of paln. Whe introduced to me as Mr Thomas,
math teacher, he agked if I were there to introduce a new curriculum. I said "no, not
this time." I was.ther® to find out what was happening now in science teaching and what
teachers thought of it, good and bad. He said:

You get kids and ghey don't know what they should know to do the work. Since they

can't do the work, they act up. They don't want kids to call 'em dumb, so they

act up tojeover up the fact they can't do the work. . . They can't subtract and
/& multiply. They know theory and sets but can't subtract. . .v.New math seems to \
have done that; the paper says high school grads can't even read! .

"y
<

Q.: Do you want to go all the way back?
, -
Mr. T.: No, not all the way, but some. . « Oh, I got a headache just looking

o~

at thig school this mormtmy—. .A kid said to me. . .pardon me. . .he said to .

me, "Kiss my ass) Teachers have no rights anymore, only kids. (He rubbed
hig aching head and drew deep drags from his cigarette.) Kids are-all mized up

\ nou.

Q.: Is it the size of the clagses? . . .
- . AY

Mr. T.: No, siae isn't it. You can have fifty who vant to learn and still / )

have a good class. We're not allowed to group kids homogeneously. You'll
have kids in,a gmde who can do the work, but some who are two or three- ™
. grades behind in reading; you have to. LﬂdLMMze or group. You can't
teach otherwise. But you're just a security guard. (Then). . .Come to my
second period class. I'll show you what good kide can do. .

-

]

.~ e /\

Lo PARENTS :
) * - c .
. 1

Parents I fourid have strong sympathy and support 'for teachers in this matter. At

., the .end of an interview with one parent, I quoted from the petition being composed by the |

junior high school ‘teachers in the school her children attended. r
The teachers of Rovsevelt Junior High School request a clags action suit to__
protect the rights of our gerious students. The quality of education has
been severely eroded by the behavior of a few students who make life miserable

\ for the others. The noise, the commotion in the halls created by class
cutters, dist 8 students from their work. Teachers are being verbally

‘

. ) R “ R
Q - i X
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19:42 . CSSE Case Study X
VORTEX AS HARBINGER

by Gordon Hoke

Although attempts were made to visit\a large number of classrooms throughbut the
cluster of study sites, few recorded interVyiews were conducted with instructors other than
those in social studies. Instead, I made grrangements for local teachers of mathematics
and physical science to held exchanges with members of our site study team. We had an
opportunity to execute a comprehensive visitation in Vortex, and it seemed wise to capital-
ize on this good fortune. “ Our’ intent though, met opposition” from the weather: we lost
one day of thé site study period to "the effects of one of the worst storms to strike [this]
area in many years." It was a fitting climax, for Pennsylvania was one of the states hard-
est hit by the severe winter of 1976-77.

‘ »

A pair of "migt-portrayals" are included in this report. They build on the foupdation
outlined above and feature the areas of secondary physics and remedial mathematics the
primary and elementary grades. B

Lt 4 .

THREE PRINCIPAL QUESTIONS

"The total CSSE project has three principal questions to answer," wrote Bob Stake in
October, 1976. The trio included: '

- Question No. 1 - "What is the status of precollege science teaching and learn- -
e ing today?" .

Question No. 2 - "What are the conceptualizations of science held by teachers and

- students?"
¥

Question No. 3 - "What happenings in school and community are affecting the sci-
ence curriculum?"

a9 »

-

Responses offered by Vortex teachers, administrators, students, and_parents should be inter-
preted against the background skd€ched below.

-
«

! . )
. . In December 1950, the superintendent prepared a document  entitled Proposed Curriculum
Cﬂahges and Revisions for the Board of School Directors. It stressed: - ~

Seience education which only a few years ago was largely optional and integrated
in the lower grades hag now become a major responsibility of the school. . .
Toczay, if the teacher 18 to meet her responsibility she must help the ch-z,lﬂ,ren,
‘ in ways appropriate to their matwrity, to understand causal relqtionships and
. systematic approaches to the observation of phenomena. MoreoVer, even the young
child mugt become more informed about the place of science a:nd technology as .
. major factors in modern life. ] . s 7,

A decade later, his successor--who sé&ved the district for almost thirty-five years
as a teacher and administrator--wrote: . N

It has, been frequently stated, that the primary function of the schools is the .
cultivation of the mmd, e’specuzlly as regards the basw mental skills

e’ ’ . -

e “Two of our team members were mathematics professors at the local university. Both
wére natives of the area and well acquainted wi its schools. In truth, they were part \ .
of the Vortex 'family."

)
: r
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A : €SSE Case Study XI
: CASE STUDIES IN SCIENCE EDUCATION: -

, - _ BOSTON by Rob Walker .

3

David wrifes on‘the boa¥d: "Conclusion. &ir is all around$ 4 ) ¥

-—

, Air is all around and occupies space. ("Those are the key words," David comments . )

The drinking glass contains air. ("I'm going to do something different’ghis semester, I'm

going to collect in your notebooks, and those“who take ‘the notes will get.credit for doing

it.") * The water pushes against th® air, but can't enter gnless the dr ing glass is held

at an angle to permit sqme oI\the air to escape. ;

»

David next demonst'rates he second experiment, which is to float a cork on water and
then press it under water w an invérted, air-filled drinking glass.

(\ "Describe where the cork is," \David asks. o - .. .

g "Below the water." [
"Right," says David. "The pressure of’air preggses it dowp. Air occupies space.
Air has weight. ¥f I tilt the glass, air escapes and the cork will rise. I'm

going to put the answer I want on the bdard. "

- . .
He writés: 'Conclusion. Air i a substance ('Just like solids and -liquids'). Wair is
. a real .substance and takes up space just as do liquids and solids. The air presses down on
the cork, forcing it down: Since the drinking glass .is full of air, no water caﬁkgzt in un-
less we first_let some air escape.” He reads ‘it out loud and waits for the class write it
down. . .

\ Yoy may think these are things you knew all aldng (he says), but I want you
to get used to putting it down in this form. Let me give you.a word of )
advice. I'm going to be giving you some notes each day; if you migs a class,
make suré you make up on the notes. You won't alwvays be able to catch wp on”
the experiments, but make sure you get the noteg, , .., For homework,'I want v 4
you to find out what gases compose a volume of dry air. o

P " P

With t&\ minutes of the lesson left, he begins a cj!ss diéiss'iom - -

"Where does our atmosphere begin?" ‘ g ° )
. . .(

"At the grougd." ’ . . . —_

it end? How high? /?zuee) Ig a thousand migps too much?" -

1

-~

© "Acfually it’s nearer two thousand miles. ‘But most of it ig concentrated
in the first thirty to fifty-five miles. Has 'anyome ever climbed a moun- — >
tain?" . ) .
, (Some yeses) ad . e . ' N »

- i

"If you ever climb a mountain, gr go to Denver, you know that the air gets %

thinner. Denver is at 6000 feet, and that high the air is thinner than it

18 here near gsea level. So most of the air i8 in a thin layer around the , s
world, and it's in that layer that we get weather. Can you give me a def- N )
inition of the layer?" : {/ v

¥
"Eapth's atn?o{phere L . ) : . ™

( 'Rememifr the definition I gave you the.WgPst week?"

S . .. .
. tes on the board: "The great ocean of air that e‘tends thousands of miles above
the surface of the earth and gradually thins into outer space." - oo

ERIC . s .o~ . )
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. ~Fupding B:2,3,6,1%,14,15,17 /- . Homework  1:14,63,6%,94,118; 3:21,91,92;
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Homogeneous community

Hygiene ‘12

Individual differences
Individualization

14:6,18,31;
Individualized instruction-

51,72; 2:
45,99; 7:
12,18,23,
Individually
J13:35

Industry, private
B:2,17
Inner-city schools

Inflation*

Inmovation
23,24,27

16:4,7,8

Inquiry teachlng

745 3:46,

18-21; 10 9,12,18,
7 30,32,83;

67,68

In-serv

s 31,33,34;

70,74,805
sInstitutes

training
© 7:13; 8:9;°9: 3‘22 10:3,13, l&

12:31,32 . .

+45 -

15: 343 18: 95
13:35,36, 65 1416 118,315
15:23,27 . .

B:17; 1:21,239,°
15M8-21; 3:12,13,14-24,29,33,
14-16,19,30,34; 8;9-32; 10:11,",
2% 11:34- 38 16 6 (} ?

Prescribed Instruction (IP )
- -
16:7

17:19,21,22,26-295 19:2,6

B:3,23 .

16:1;

29
’

Innovation, rejection of .
Inquiry, scientific

1331,2,2—10,18,29
12:39; 13:9,10,31;

B:17; 1:26-

64,65,67 93~;02,10

B
12:1,3-1

. 15, lO 31,38, 77 2:21;
11:17 30,
"18:22,41,

9:6,7,10,
243 11:7,8,11,28-
13:2,3;-16:8; 18:64;

12:4; 13:28; 16:5,7;°
19:2,26,29 N
*(see Summer nstitutes) g;?

Institutional, ethic :5

Instructional technologists

L 161
15:10,

Ingtructional technology  14:35,37;

11, }2 32;
Instruction,

17:7,24; 18:69 .
effectiveness of 17:5,11,12

*, Instruction,
\Instruments,

- Intellectual

/Jacobian
Jobs

Instruction, -
Instruction,
Instructibn,
Instruction,
Instruction,
Instruction,

engagement in  14:8 .
financial suPport of
individualized < 16:6
influences on  19:1
interddisciplinary 19:31
methods of  19:3,7,10,31
quality of ' 14:9 ‘
survey 18:3,88,105 . *

©19:29

Integration

values 12:3

Interattion, teacher-student 16:2

Interdisciplinary studies . 19:3

Intermediate educational unit 17:9

Introductory Physical Science (1es) , -
12:85 1363

Isolation from community, school

1 19:20

B:3,24; 12:24, 25, 17:21 » . e

18:30

R !

(see Desegregation/segregation)

9,42,60,62-64,"

*

Jobs for teachers, alternatives B:3
Junior High School (see Secondary School)
Knowledge  12:1; 13:17; 15:3y17,18,29; 19
. Knowledge and action \12:10
Knowledge, uselessness bf 12:20; 15:29;
Laboratories 1:42,60,82,84-87; 2:6,7,15,
3:52,53,67; 4:6,12,15,19; 5:12; 6:14,1
19,23,33; 7:9,10,12; .8:7-9,11;
©10:125 11:27- 33 45-49; 13:3-5,7-9,13,1
18,24,27, 63/6& 15:7,27,40; 18:84;
¥ Language laboratories  13:43
Léarners,. "fast" ~ 12:1; 18:27,33,59
“Learners, "slow"
Learning activities, nature of 19:3
Lea%¥ning, by students 15:9,12-16,22
Learning hierarchies l&:35,}6
Lea¥ning, motivation of 19:4,9,24,31
Léarning ‘networks  19:25 .
Learning,.out of school 13:49,50; 15:7,8
Learning problems  1: 13 16,20,21,32-34,36
© 37,44,46,47,53,58¢ 3:99; 4:103 7173

‘

9:6,7-9,

:30

19:30
22,
6,
11;
4,y

19:3,14

19:9,15 . . )

y

8: 9,14 9:1,11; 1 :11,12; 11:34,36,41-45"
Legislation B:2,6,13, 17,22; 14:14; 15:10, .
12; 17:2,4,9,10,13; 19:10-12

Lessons, examples of
.18,25-27,30-32,34-38,44-48,52-55; 5:64
6: 16 22, 25 29 33 37,
.19,20,247,25, 30

2:5,10-12;15-20; 4:11-

-

7:6,7,10,12,13,14,

Libraries” B:13,14 . * “ ¢
Local- school system -17:1,2 \‘ -, .
%agnet school 11:3,4 I ‘
Mainstreaming 1: 50‘61 9:1,12,15,16,25;
11712,41-45; 14:132 19:8 s
Man: A’'Course of *Study (MACOS) B:29; 12 5..
. 13:29; 1934,

-

Managemeft of classtooms * , 17: 11, 25 19:26
Mass media . 1:18; 4:8 27*28 39; 6 19
© 8:1-13; 9 7,115 1¥:1,2
Mastery learning 14:38;.18:99 °
‘Material, Instructional 1 12! 53
13,14,18,22-25,27- 29 »23+61,64-66;
32; 16:12; 19:27-29
Mathematics  1%72,97,99,1}0,112; 3%37,74;
9:12,13; 11:16; 12:1,7,12,33, 35 13: 8
,9,17-19,21J27,38; 15:35-38; 16:3,4;
% 17:28; 18:20,26,27,99: 49:3,8,29,
Mathematics, arithmetdc * 12:1,34; 13:19-2
23; 15:3,32; 16:3,4; 18:%4,64,69,100
MathematiCS, advanced and elective
5:5;.7:28,729; 8:11; 4:28,29
Mathematics, basic
~ 7 2:10; 3:35,3%,103; 4:4,28,30,31,33,34;
5:5,8; 7:29; 9:12,13 °

.

13:1,2,5,8-
15:7,

1:12,66,67,97,98, 101~

11,
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1,
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Mathemat ics“glubs  18:22 Museums  B:ld; 11:27-345 13:49-52

Mathematics courses, algebra  1:50,68,69,94, National Centler* for Educational Statistics

98,105; 2:10,18; 3:35,37,68-71; 4:28-33;x (NCES)  B:2; 17:3,23 ‘ 7

5:5,6,8; 6:36,37; 8:11; 9:12,13; 12:1;. , National Defense Education Act B:2 )

13:22,23; 18:21,26; 19:3 ' National Education Association (NEA) B:5; 17:3
Mathematics courses, calculus  18:21 National Endowment for the Humanities  19:25
Ma;hematics courses, gmnepal math 16:4; 18:21 National Ipstitute of Education, Experimental

’ *Mathematics courses, geometry 1:97,98,101, Schools B:2 -
105;°2Y10,11,18; 3:37,75; 4:30-323 5:5; National School System 17:1,2 -

8:11; 12:1; 13: 22 23; 18:21,26 National Science Foundation (NSF)  B:28,29;
Mathematics courses, remediagl  13:4,5;23 2,43,95,101,112; 2:1,5,7; 3:1,2,8,
Mathematics, computation 19: 3,8,25 ,26,27,60,65,78,97,98,109,111; 5:6,10,°
Mathematics, elementary school 1:29-34,37, . 15; 6:24; 7:6,10,20,27,30,335 8:1;'9: 2

1123 2:20,21; 3:14,21,23,28,29,60-65; 10,15%,22,23,26; 11:17,21,27; 12:2,4,7,35;

5:8-10; 7:7; 10:11,12,14; 13:18-21,40- 13:7, 8,63; 17:19,26, 28; 18:1,2,22,106;

42; 16:17,18 '0 . ~ 19:1, 17 18 21,23-29 .
Mathematics, "n§W' 1348; 18:34 Natural Sciences (see Sciqpcqs)

Mathematics, priority 13:28 Needs B:14,15; 1:18%32,42,68; 2:2,7,8,12,
‘Mathematics, secondary school  13:21-24,42 14,21 4:2,3,22,23,40,55; 5:15; 6:43,49;

Mathematics textbooks 12:3, 13:22,24,25;5
18:27,62 . e .
Mathematics, traditional view oﬁ 13:18-20,23

Mathematics, Univers;ty of Illinois Committee

on School Mathematics (UICSM)  12:3,4
Mathematics, value of 19:8 ’ .
Meaning 16:3
Means and ends  16:5 .
Method, scientific’ 16:5,37
Methodology of casé study 1:1,2; 3:1-4,

appendices; 9:1,3y 10:4,6,20,21 !
Methodology of the study Chapter C;*4:6;

7 §11-3,5; 6:53; 7:1,2,4,5,34, 8:1,2; 18:2
Methods coursés in science 12:8; 16: 7
Michigan Assessment Tests  14:35

Miggation B:6,7,12
Mini-course 12:44 .
Minimum competence 1:78; 5:6,8,9,11,12;
R 9:4; 18:49,50,90,91; 19:3
.Minorities- B:4,31,12; 1:4,5,30,40,46,48,54,
56;66,75,85,86,113,116,117;119; 3:8,48;
4 ,44-513, 5:9,1:,12; 6:1,4,5; 7:1,16,23,
24528,29,35,36; 8:3; 9:5,21,21,24; 10:2;
11:2; 12:31,45; 15:35,36,38-41; 17:23,26;
"~ 19:10,25 .
Models 12:11 ]
Motivation 1:8,12-14,28,33,34,40,46,49,53,
94,60,64,65,71,75, 90,91 106,118,119;
.2:3,5,7,9,12; 3 33,48,76,82; 4:4-10,
19-25, 28 29,32,33,39,43,49, 56 5:5, B-13;
6:15~ 19 22-25,33,35,37,39,41,48,53; 7:5~ 7,
27,28,31-36- 8:6-11; 9:3-5 7;10-13,25;
10:11,12,14,17,22-25
38; 14:6;
40 16:4;

17:25; 18:65

T 73

7:35; 8:6,7; 9:1,16; 10:7,12;
14:1; 16:1; 17:29; 19:18-22
Needs, future studies of 19322,23
Needs, hierarchy of 19:22-
Needs, strategies for 19:1 -22-’

"11:15,38;

Negotiations -

New matﬁ 1:

B:4
3i,32,33,38,49,70,100,107,110,
4:9,29,34-37;

123; 2:11; 3:24,57;
§:10,15; 6:50,52; 7:30; 8:7,8; 9:13;
10:9,18; 134 .

Non-traditional programs 1:24,25,72,82,113;

2:20-23; 3:13,14,27,49-59, 101-105; 112,
113¢ 5:7,8; 8:1,4-13; 9:3,4,10,17;
10:18-12; 11:13,14,23-33

Objectives (see Goals)

Objectives-based curriculum  13:36,43,44

Objectives writing  16:9

Observation, students skills in l 34;
2:15,16; 4:8,9,15,17,21,22,24,42; 6: 30‘

31; 9:6,7 ¢ .
Open crassrooms 1:10,11,12,19-23, 35,40,
42,52,58,61,69,70,120,123; 2:14, 55
9: 23 24 10:19-21
Open education = 3:12-24;
Organization, patterns of
Qutdoor éducafon ' 13:9,49 -
Out~-of-school leatning 19:1,25,29
Parents' involvement 18:29,46,47
Parents, 8urvey responses to questionnaire‘
18:28-32,35,39-51,76-93,104 e

.

Parents, survey sample of *18:5, '

16:6
17:9,10,24;27,28
«
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,17,22-25; 11:5—7,17,24,25,3§7~\\___!_ . .
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Parent-teacher relations  B:12; 1:10,14,30,
45,52,63,65,109; 2:2,100 3:90; 4:4,23,
28,29,41,42,50,51; S%15; 7:8,12,20,3;
8:3-10; 9:16,17; 10:13

Park districts B:l4; 19:25

" Pedagogical teachiug (see Teaching)

Perceptions of schools 17:1,13

Performance of students 15:1-5,10,14,20,25,
34,335,738

Personal relationships 16:7

Physical Science Study Committee (P§SC)
12:3,4,5; 13:8,63; 15:6

Physics (see Science)

Placement of students

PLAN .13:65; 14:18; 17:19

PLATO 13:65; 15:32,33,34

Pluralism B:11,16; 1:54,75; 2:1,2,14;
3:8,89; 4:8,51; 5:12; 8:43,53;, 9:2;
11:4,28,29; 12:34; 18:30,44

Political aspects of educatjon
17:1,9,24;28

Politics and the schools B:3,4,6; 1:3,10,

123; 2:2; 3:8,26,110; 4:1,2; 5:10,12,
14,15; 6:3,4,44; 8:3,45 9:1,5,24,25,26°
10:1-3,13,14; 11:4,5,17-19,41-49

Poor learners 12:8; 18:84 \\\

Popular science 12:43

Population cycles B:3,6,7,12 \~/

‘Powerlessness 9:1,23,24;'{1:Q,27
Practical science 12:46;°13:15
Preparation ethic 12:16,17,22,23,41,42;
16:15,21,39; 17:21; 18:30 .
Preparation for college  12416,17; 13:1,10,
15,17,22,23,25,36; 17:26,27; 18:45
Preparation,-vocational 12:22,23; 13:23;
15:37; 17:20,21,27 )
-Prerequisites~ 1:50,71; 2:10,11; 3:40,47,100,
4:24,255 5:65 7:23; 9:5; 11:6,9,24;
14:17,33,35,36,395 15:22,28,35; 17:20
Pre-service programs 16:7 )
Prestige of the séﬁences‘ 12:20,21; 13:4;

14:17; 15:21

14:13;

.

¢

- 19:8 .
Principals 1:4-6,9,13-17,20,25,38,41,56,74,
114; 2:2,3,13,20,22; 4:34,35; 5:2,3,8,9,

5; 9:1,12,13,24; 10:1,10,11,13-15,17,21;
11:3,20-23,26,45-49; 3:13,25,33; 19:26

Principals, responses, to qluestionnaire-
13:36,45-48; 18:18,31-34344,46-54,66,
67,88-104 -

Principals' survey, sample of 18?5
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143 6:11,12,13,15,16; 7:4,5,8-10,13,22; 8:

19:66
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" Private schools  2:20; 5:10; 6:4-10,46;
7:20,2%; 8:1-6; 10:13; 11:39
Problem solving 12:4,11; 13:19-21; 18:61,70
Problems, social, analysis of 12:39,40; 19:17
Process skills 14:5

Professional associations B:5 5
Professional models 16:4
14:40

Proficiency diploma

Brograms, teacher education, pre-service and
in-service 16:7

Project Physics 12:4

Project SocialfStudies  13:29

Projects, school 12:44; 18:81

Projects, students; "12:44; 13:14,24,27

Promotion, social  14:40

Psychology 12:19; 13:7

Public support for general education

S

12:1

Purposes (see Goals)
Quality of education B:13,17
“Questionnaire, survey 18:3,88,105

Reading ability of students . 1:4,18,28,30,
32,36,44,51,59,62,63,71,73,78,83,85,103,
116,120; 2:9,18; 3:28; 4:2,25,35,41,51;
5:9; 6:26,27; 7:7,16,33; 8:12; 9:3-5,7,
10,12,16,17,21; 10:10,11,24,25% 11:34-37

Reading, priority 12:2; 13:28,38; 18:54,55;

. 19:1-3,30 . b

Reading problems  10:11,12,22,23; 12:32;:
13:29; 15303,41; 17:8,15; 19:30 :

Reading skills 12:6; 13:29,38,39; 15:3;
17:4,20; 18:54; 19:29,30 '

Recitation 15:14,16

Reduction in teachér force
5:1,2,5,10,12; 7:36; 9:3;
11:7,8; 18:40,80; 19:3

Reform, c 13:1,37,43 »

Relevance o 13:4,8,13,14,17,27,47

Relevance to experience 18:54

Religion  1:33,56; 2:1; 3:8; 4:11,40,50,51;
6:30,43-46; 12:28,29

- Remedial instrugction 1:4,16,20,24,40,53,
64,66; 2°9; 4:8; 6:16; 8:10; 9:4,5,13;
10:11,12,22,23; .19:3

Reorganizdtion B:4,5; 1:5;
10:13-15; 11:13,34 .

Required courses 10:8; 12:1;713:3,4,8,26,
29,30 :

Required courses, science 1:41,42,59,83;
2:5,8,15-17; 3:1,28,29,35,43,%6; 4:4,5;
5:6,7,9; 7:5—7,9,10,22,23;.10:8,9

Required courses, math 1:97;.2:10,16;

©-3:1,9,14,28,29,35,43,45; 4:4,5,28;
6:36; 7:7,14,30; 10:8,9

B:4,5,12;
10:13,15,213
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Required courses, social sciences
114; 2:11,18,19;,

1:51,113,

3:1,9,28,29,35,43-46;
4:4,39; 5:6-9; 7:7,15, 31 32 10:8,9

Research needs 19:25-27 1

Research Triangle Institute (RTI)
10,105

Resistance to change 1692 .

Resources  1:12,24,25,43,68%69; 2:6,7,15,16,
22; 3:12,14,15,22,23,25,28,3%,105,106,
113; 4:6,23,29,35,53; 5:8,12,15; 6:11,
14,19,22-24,33; 7:5-19,27- 33; 8:1,3,4,
7-11; 9:1-4,10,12,21, 22 24; 10: 5,7,12- lS
18,20,23-25; 11:5,6,16,17,25 29, 34 »35,
37,45-49 : '

Respect of students 16:7

Response/rates, survey 18:7,44,81,88,106

Responses to questionnaire, counselors'
18:24,25,30,82-104

Responses to questionnaire, supervisors
18:16-18,31-34,39-63,70-74,88,89

Responsibility, socialization  13:30,35;
16:8

Retention

18:4,5,8-

1:36,37,49,51,71,73; 9:13
Riffing  (see Redugtion in teacher force)
Ritual  12:33,34,35

Role_perceptions, of administrators

« $3,11; 1:56; 2:2-4,13,23; 3:12,26,

.104,110; 4:33; 5:8,14; 6:5,6,10-13;

7:8,36; 8:3-6; 9:1,2; 10:6,7,17,21;

11:3,21-23,41-45; 19:12
Role perceptions of parents 'B:11,12,18;

1:10,13,14; 2:2; 3:104; 4:8,9,29,41;

+5:12; 6:8,16,52; 7:8,20, 34;.9:2 16,17;

10:18,20 - b
Role perceptions of ‘school’ s role in

community. B:2-4,6,11,13-15,17,18;

1:6,7; 2:1,2,13;‘3:6,12-14,21,22,104,

105; 4:1-5,41,49,50; 5:9,12; 6:7-11,

16,30,42,43,47-53; 7:4; 8:5,8,13;

9:1,2,25,26; 10:6,7,17, 18 20 21;

11: 3 19 31 33,41-49 -
Role perceptions of students
e 2:3,4,7,8,14; 3:99-102,104; 4:7-11,21,

22,32-34,39,43,49-51; 5:3,15; 6:8,11,24,

31,32,46,47; 7:35,36; 8:6,7; 9:11,24,25; _
. 10:8,12, 20 24,25; 11:3,26, 38 40
Roke perceptions of teaggers B:2,5,15,18;

1:5,8, 10'13 15,24,39,57,76,77; 2:2-8,

13,17,20—23; 3312,13,23,26,44;.4:4,7,8,

11,22,23,27,28,33,40-44,49,50; 5:3,4,12-

15; 6:8,9,13,14,23,24,33, 52 7:8,10,33;

8:1,8,9; 9:1-5, 12 14, 16 17;710:10,12,13,

17, 22 11:3,7,8,12- lS 18 19,24,33,36,

39,41-49; 19: 12

-

B:16; 1:13,56;

" Schools, financial resources of

Rural-to-urban movement B:7,11; :!3,4;
2:1,2; 4:2,3; 6:1-4; 7:1

Salaries B:17

Sdlaries of teachers 17:3,4,24

Sampling proceduré, survey 18:4

Scenario format 18:1,3,37

Scholastic Aptitude Test (SAT) 15:5

School as a paymaster B:2,3

School as a social system 16:8,26,3

B:4,6,12,14; 1:3,6,7,10,75, .
23; 2:2,20; 3:6,24,34,105; 4:2-6,

Scjool, history of 1:4,5,14,15,56,74;
2:1,2; 3:1,5-12,23,24,25,109; 4:1-3;
5:1-3,10-14; 6:2-6; 7:4; 8:3-5; 9:1;
10:1, 3 36,7,20,21; 11:3, 4 S 18319 y23,27

School, r 1atlonsh1p with community B:l

Schools, experimental .B:l4 \

vwchools, financial obligation B:14,17
12:2;

18:].9 Ky s g

intellectual quality of 19:17

problems of 14:9

uniqueness of  19:15

aesthetic view of 12:3,6,7,8,9,11

A Process Approach (SAPA) 13:62

as play 12:6,8,20,11 g

as value-free 12:25,26 B

12:7,8,9 '

1:28,82;

4:1,6,8,9,20,21,23;

6:25;.9:3,11; 10:8; 11:38% 18:22

Science courses  12:1,18,42,43; 13:3-17,

27; 18:20,21,27; 19:3,19,24,26,28,31

Science courses, Biological Sciences
Curriculum Study (BS?S) 1:41,59,63,64,
8%,83 84,85,88,91, 96 12:1,5, 18 13:63;
19: 4

Science courses, biology *2 6, lS 3:35, 38
65~68,73,74; 4:6;9-11, 13 20 23, 5:3,4 7
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